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PREFACE

This effort is part of the initial exploratory characterization efforts
for mixed wastes in underground single-shell tanks (SSTs) at the U.S.
Department of Energy's (DOE) Hanford Site being conducted in accordance with
DOE's waste characterization plan (Winters et al. 1989). The purpose of this
analysis was to provide a preliminary ranking of the constituents in the SST
waste and provide information for use in establishing detection limits for
the analytical characterization of the wastes.

This report documents past efforts for use in ongoing SST characteri-
zation efforts. The bulk of the efforts described were conducted from April
1988 to September 1989. Since then, only minor corrections and updates have
been made. Although the results from these efforts have been one source of
information in the ongoing process of defining contaminants, the lists and
their rationale are no longer current. The early nature of these efforts is
evident in the use of tank groupings other than operable units that have been
subsequentiy defined by the Federal Facilities Agreement and Consent Order
(Tri-Party Agreement). This report provides a starting point for a planned
update of the efforts described in this report.
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ABSTRACT

Waste characterization efforts for underground single-shell tanks (SSTS)
containing chemical and radioactive mixed wastes at the U.S. Department of
Energy's (DOE) Hanford Site are currently under way. As a component of this
effort, an analysis was conducted to give a preliminary ranking of possible
constituents in the SST waste and provide data for establishing detection
1imit reguirements for the SST characterization effort. These SST
constituent rankings were based on a relative comparison using potential
human health impacts modeled using a hypothetical exposure scenario. This
modeling effort used preliminary estimates of the SST inventories, simplified
estimates of constituent release rates and environmental transport, a
hypothetical usage location, and a standard Hanford exposure scenario.

The results of this evaluation are SST constituents for each of six
groups of SSTs ranked according to their relative potential for impacts. The
relative rankings for different recharge rates at the tank farms were nearly
equivalent. Sensitivity tests demonstrated that the rankings are influenced
by changes in recharge and transport parameters.



SUMMARY

An initial evaluation was conducted of the relative importance of
constituents stored in underground single-shell tanks (SSTs) at the U.S.
Department of Energy's (DOE) Hanford Site. Single-shell tanks contain
chemical and radioactive mixed waste from past Hanford operations.

This health impact-based ranking is one of the inputs in the SST waste
characterization effort. In addition to this.ranking, separate efforts will
provide additional criteria to support the need to characterize levels of
specific constituents in the SST tank wastes.

The evaluation of SST constituents described in this report was based on
hypothetical predictions of potential human health impacts occurring as the
result of groundwater contamination. These predictions, which provided a
means of fanking the relative importance of the constituents, were generated
using a preliminary characterization of possible SST constituents, simplified
estimates of constituent release rates and environmental transport, a
hypothetical usage location, and a standard Hanford exposure scenario.

A Tist of possibie SST constituents includes those of concern in
terms of potential health and regulatory considerations. A base list of
constituents predicted by the Tracks Radioactive Constituents (TRAC) computer
simulation of 3ST inventories was supplemented with additional constituents
of regulatory concern that might, or are suspected to be, in the $STs.

For constituents for which the inventory estimates were available and
non-trivial (i.e., greater than zero), the tank-specific predictions by the
TRAC computer program were used. For nonradioactive constituents not listed
by TRAC that might exist in the SSTs, the rankings are based on the
assumption that the mass of the constituent comprises a small, but non-
trivial fraction of the wastes: an arbitrary inventory of 1% by weight
was used.

At the Hanford site, the SSTs are Tocated close to each other, and
groups of tanks are denoted as "tank farms." Based on simiiarities in
geologic settings, the inventories at the 12 SST farms were combined and
considered as six tank farm groups. Following the nomenclature at Hanford
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for tank farms, these six are referred to as tank farm groups A, B, C, S, T,
and U.

The constituent environmental movement was modeled using the Multimedia
Environmental Pollutant Assessment System (MEPAS). The wastes from the SSTs
assumed to be released into the unsaturated zone; the migration of these.
wastes was simulated through the unsaturated and saturated zones to a hypo-
thetical usage Tocation represented by a well 50 m downgradient from each
tank farm. This transport scenario accounted for the geologic conditions
associated with each tank farm group. A standard Hanford exposure scenario
based on farm-related usage of the well water was used to evaluate potential
impacts of SST constituents. These impacts at a hypothetical usage location
for each tank farm group were computed out to 10,000 years in the future.

Studies were conducted for the tank farm groups with a range of recharge
rates that have been considered for other Hanford applications (0.5, 1.0, and
10.0 cm/yr). The relative rankings for different recharge rates at the tank
farms were nearly equivalent. However, the faster environmental transport
times associated with increasing recharge rates did increase the magnitude
of the health- impact indexes and resulted in the appearance of several new
constituents in the ranking. As a result, a 10.0-cm/yr recharge rate was
selected as the basis for the rankings.

In addition to the range of recharge rates, a transport sensitivity
study considered the relationship between uncertainties in the distribution
coefficients (Kds) and rankings. In this effort, a set of enhanced transport
~ runs was made for tank farm group A using the 10.0-cm/yr recharge and reduced
Kds for each. constituent with a non-zero K4 value.

The sensitivity studies demonstrated that the rankings are infiuenced by
chaﬁges in recharge rates and transport rates. The primary effect is mainly
to add new constituents that are predicted to impact at a time near the end
of the computational time period (10,000 years).

The results show rankings with many orders of magnitude separation in
relative importance of constituents from the perspective of relative health
impacts. A large fraction of the constituents were predicted not to reach
the well and thus were ranked as having no orxvery low potential for human
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health impact at this hypothetical receptor point. The rest of the
constituents were ranked using the computed health impact indexes.

Although the results were similar for the different tank farm groups,
there were some relatively large shifts in absolute as well as relative
rankings between tank farm groups. These shifts are the direct result of
differences in inventories and local geologic settings.

The highest ranking radionucltides (i.e., those with the largest
predicted level of impact) in the tank farm groups were carbon-14,
technetium-99, uranium-238, uranium-235, and iodine-129. Uranium-234,
uranium-233, thorium-229, and niobium-93M generally had lower levels of
predicted impacts and thus lower rankings. An increase in the relative
importance of neptunium-237, protactinium-231, protactinium-233, and
selenium-79 was noted in the transport sensitivity test cases using enhanced
transport rates.

For noncarcinogenic chemicals whose SST inventories were predicted by
TRAC, cyanide ion, nitrite, nitrate, EDTA, fluoride, sodium, chromium VI, and
sulfate tended to have the highest rankings. Beryllium ranked relatively
high in all tank farms except A and S. Zirconium, nickel, and iron ranked
high for Tank Farms S, T, and U. Silver and chloride ranked in the lower
portion of the scale. The sensitivity study at Tank Farm A using enhanced
transport rates resulted in the addition of zirconium to the rankings, a
shift of iron from a low ranking to a high ranking, and some minor shifting
of the ranking order of other constituents.

For noncarcinogenic chemicals without TRAC inventories, antimony,
mercury, and vanadium consistently appeared in the rankings. Also ranking in
- this category of chemicals are sulfate (Tank Farm S), cadmium (Tank Farms T
and U), and copper (Tank Farm U). The transport sensitivity study using
enhanced transport resulted in additional appearances of copper and selenium
in the rankings. For carcinogenic chemicals modeled with an assumed
inventory, only arsenic appeared in any of the ranking results.

The use of preliminary inventory estimates for the possibie SST
constituent inventories represents a major source of uncertainty in the
rankings. In addition, the use of simplified release, transport, and
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exposure predictions limits the use of the results to relative comparisons of
potential health impacts. The overall ranking results cover a sufficiently
wide range in impacts; however, orders of magnitude change can occur in a |
computed impact without significantly changing these overall rankings.
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1.0 INTRODUCTION

Pacific Northwest Laboratory (PNL)(2) conducted an health-based
evaluation of the relative importance of constituents that may be contained
in underground single-shell tanks (SSTs) located on the Hanford Site.
Single-shell tanks are used for the storage of chemical and radioactive mixed
waste generated during past Hanford operations (DOE 1987). This effort is
part of a larger effort aimed at characterizing the wastes in the S5is.

The objective of this study was to provide relative rankings of the
constituents that potentially need to be characterized in Hanford SSTs.
These relative rankings of constituents were based on public-health impacts
computed for usage at a hypothetical location. Because of the early stage of
this effort, this study was based on possible constituents in SSTs. As a
result some of the constituents considered in this study may not be found in
the SST wastes. These rankings are one of the initial inputs to an ongoing
SST waste characterization effort which has a long-range objective to provide
recommendations for SST waste retrieval and disposal decisions.

These.SSTs were designed as intermediate underground storage facilities
for high-level radioactive wastes produced by nuclear fuel separation
processes which occurred in the 200 East and 200 West Areas of the Hanford

Site (DOE 1987). A total of 149 SSTs are located in the 200 East and

200 West Areas of the Hanford Site; 66 underground SSTs are located in the
200 East Area, and 83 underground SSTs are located in the 200 West Area.
The capacity of the SSTs ranges from 210 to 3800 m3. Replacement of these
single-wall storage tanks with double-wall or double-shell tanks began in
1970 (DOE 1987). :

The tanks are located close to each other in "tank farms" near fuel
separation facilities. There is a total of 12 individual SST farms, each of
which is assigned a label (S, SX, T, TX, TY, U, A, AX, B, BX, BY, and C).
The six labels for the SST farms (S, T, U, A, B, and C) correspond to one of
the five specific reactor fuel separation processes (S, T, U, A, and B) that
were used at Hanford (DOE 1987). The C processing facility was never

(a) Operated for the U.S. Department of Energy by Battelle Memorial Institute.
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constructed, but the C tank farm label was assigned to a single tank farm.
In the early years (1945-1955), each SST farm at the Hanford Site received
and stored wastes for a given fuel separation process (DOE 1987). '

As of the time this effort was conducted, only a few samples from SSTs
were collected and analyzed for certain constituents. Attempts to collect
and analyze samples from individual SSTs have been difficult because of the
variability of each SST waste form and sampling logistics required to
minimize occupation exposures to radioactivity in the tanks. Results of this
sampling effort, along with a discussion of problems in the recovery of
adequate core samples from the tanks for analysis, are included in Weiss
{1986) and Schulz (1978). Although based on an analysis of actual tank
samples, these data were not used to define tank inventories in this report
because no information was available on how representative these data were
for the SSTs or even for the tank which was sampled.

The inventories used in this report are from a computer simulation of
radioactive and some nonradioactive constituents present in S$STs with the
Tracks Radijoactive Components (TRAC) computer code developed by the
Westinghouse Hanford Company (Morgan et al. 1988). The TRAC code computes
current inventories based on quantities of materials (radioactive and
chemical) initially placed into tanks from nuclear fuels production,
reprocessing and waste management, tank transfers, and radioactive decay.
These TRAC inventory estimates, although recognized as having serious
limitations, represent the best current information on the content of SSTs.

This study is one of several past and ongoing efforts considering
potential impacts of waste materials stored on the Hanford Site. The Hanford
Defense Waste Environmental Impact Statement (EIS) (DOE 1987) provides an
overview of potential impacts from a wide range of activities. The Hanford
Grout Performance Assessment studies are more detaiied modeling efforts that
provide guidance for engineering waste containment options (Sewart et al.
1987). The study reported here is a preliminary screening to provide input
to the plan for characterizing radioactive and chemical wastes in the Hanford
SSTs (Winters et al. 1989). .
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Previous assessments of Hanford wastes that considered similar settings
provided a starting point for this effort. Although this study was conducted
in a manner consistent with these past efforts, differences in the mode]%ng‘
assumptions occur as the result of different study objectives, different
waste forms, and use of more recent information.

The modeling conducted for public health-based evaluation of the
relative importance of SST wastes uses an estimate of the possible
constituents in the $STs, simulates the release and movement of these
constituents in the groundwater to a hypothetical nearby usage location, and
then computes potential human exposures. The rankings of constituents are
based on the health impacts implied by these exposures.

The modeling approach for this study is described in Section 2.0.
Detailed information on SST constituents that were considered and their
release and movement in the environment are given in Sections 3.0, 4.0,
and 5.0. Finally, the results are presented in Section 6.0.
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2.0 ASSESSMENT APPROACH

This assessment is based on estimates of potential public health impacts
from water usage at a hypothetical location. Initial estimates of the SST
inventories, constituent release rates, environmental transport, and exposure
scenarios were used as input to the Multimedia Environmental Pollutant
Assessment System (MEPAS) (Whelan et al. 1987; Droppo et al. 1989). For this
assessment, the 1ist of possibie SST constituents includes those of potential
health and regulatory concerns. A base list of constituents predicted with a
TRAC computer simulation of SSTs inventories was supplemented with additional
constituents of regulatory concern that may (or are suspected to) be present
in the SST wastes. Thus the constituents in the SST wastes evaluated in this
study include those that are known to exist, some that are suspected to
exist, and some whose presence or absence needs to be defined from a regula-
tory standpoint. The characterization of SST wastes will be an iterative
process. As characterization proceeds, future assessments will be more
refined.

Based on information from past studies at the Hanford Site, it was
determined that there are six geologic settings associated with the 12 SST
farms. These six geologic settings represent different geologic and hydro-
Togic conditions present beneath the SST farms.(2) The 12 SST farms at
Hanford were combined and considered as six tank farm groups designated as
Tank Farm Groups A {A and AX SST farms), B (B, BX, and BY SST farms), C
{C SST farm), S (S and SX SST farms), T (T, TX, and TY SST farms), and U
(U SST farm). The inventories and geoiogic settings for each'of these tank
farm groups are described in Sections 2.0 and 5.0, respectively.

The release of the inventories for each tank farm group is based on a
simplified waste form. All wastes from each tank farm group are assumed to
be aggregated in a large underground tank with completely permeable walls.
Wastes are then released to the environment though solubiiity controlled
releases as described in Section 4.0.

(a) These groupings differ from the operable units subsequently defined by
the Tri-Party Agreement.
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The transport of SST wastes in Hanford soils and groundwater was
simulated with the groundwater component of MEPAS. Transport was predicted
through the unsaturated and saturated zones to a hypothetical usage location
represented by a well 50 m downgradient from each tank farm. Because the
potential receptor population in the Hanford region actually occurs
considerably farther downgradient, this approach is merely a convenient
method of computing impacts with minimum dispersion for comparative purposes.
Potential human health impacts were computed at the hypothetical usage
Tocation for each tank farm group out to 10,000 years in the future.

A standard Hanford "farm exposure scenario" involving direct human and
agricultural usage of well water was selected as a scenario that included all
major exposure routes. This farm exposure scenario provides a means of
computing potential health impacts for comparative purposes based on Hanford-
area information. This exposure scenario was patterned after a similar
scenario used in the Hanford Grout Performance Assessment (Sewart et al.
1987). The only major difference in approach was a result of different study
objectives, a hypothetical well location was selected that was closer than
the 5-km downgradient location.
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3.0 SINGLE-SHELL TANK CONSTITUENTS

The Hanford Defense Waste EIS (DOE 1987) describes the SST waste forms
and their origins. Single-shell tank wastes occur in both solid and tiquid
forms and contain both radioactive and nonradioactive constituents. The
solid forms are called salt cake and sludge, and the Tiquid fractijons are
known as supernatant and interstitial liquors. Most of the SST wastes
received additional processing for the removal of the 90Sr and 137Cs
isotopes, which were the major contributors of heat in SST wastes. This
‘additional processing effort involved pumping liquid wastes from the SSTs.
The pumped SST wastes were transported via pipelines to the 200 East Area 8
Plant, where the 90Sr and 137Cs isotopes were removed. The remaining, or
residual, SST wastes were then returned to the SST farms, but not necessarily
to the original tank or tank farm. The transfers between tanks during these .
operations make the definition of the current content of each tank or tank
farm a difficult task.

The TRAC computer code was designed to estimate inventories of radio-
nuclides. This analysis started with a list of 68 radionuclides in the TRAC

outputs provided by Westinghouse Hanford Company. Radionuclides with zero
inventories or short half-lives (i.e., less than 1 year) were eliminated.(a)

The decision was made not to further reduce the list of radionuclides. The
resulting tTist of 40 radionuclides was considered in this analysis using the
TRAC inventory estimates.

Winters et al. (1989) developed a separate list of 42 radionuclides
based on regulatory concerns for disposal decisions. Their list exciuded
some of the radionuclides modeled in this effort and included some
radionuclides not in the TRAC output. Only radionuclides with TRAC inventory
estimates were considered in the effort reported here.

The analysis for nonradioactive materials started with a list {Winters
et al. 1989) generally based on regulatory concern (Keller et al. 1989).
Materials that are not expected to exist in the SST environment (elevated

{a) 126Sp and 937Zr were inadvertently eliminated and will need to be
considered in future efforts.
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temperatures, high pH, and high levels of radiation) were not considered.

For example, organics and acids are not expected in their original form, and
were not modeled.{a) The TRAC computer code was not designed to estimate '
inventories of nonradioactive chemicals, but does provide inventory estimates
for a few chemicals as part of the tracking of radionuclides. These TRAC
inventory estimates were used as available. Arbitrary inventories of 1% by
weight of the SST was assumed for nonradioactive materials without an
estimated inventory.

SINGLE-SHELL TANK INVENTORIES

The computer-generated inventories of radioactive and chemical constit-
uents in the SST wastes used for this study were prepared in 1988 by
Westinghouse Hanford Company with the TRAC computer code (Adams, Jensen, and
Schulz 1986). The TRAC computations generated inventories of 68 radio-
nuclides and 30 chemical constituents. Of the 68 radioactive constituents in
the SST wastes reported by TRAC, 40 were considered in this assessment. TRAC
inventory data were reported for individual tanks for the radionuclide and
chemical constituents. The constituent inventories for the tank farm groups
were obtained by summing these radioactive and chemical inventories within
each tank farm group.

The inventories reported by TRAC for individual radionuclides were
in units of curies per thousand gallons (Ci/Kgal) of SST wastes. These
inventories were projected to January 1, 1990, to account for radioactive
decay. In this study, radionuclide inventories were converted from units of
curies per thousand gallons to units of curies per gram of waste for input to
the MEPAS code. The converted TRAC radionuclide inventories are listed by
tank farm group in Appendix A. The density for the total SST waste inventory
used in the TRAC analysis supplied by Westinghouse Hanford Company is
1.8 g/cm3.

The chemical inventory estimates are listed by tank farm group in
Appendix B. The TRAC chemicals that were not simulated and the reasons for

(a) Organics and acids as well as Bi, NH4*, and S-2 were not modeled in this
effort and will need to be addressed in future efforts.
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not including them are also documented in Appendix B. The nonradioactive
chemical inventories predicted with TRAC were presented in units of moles per
thousand gallons (M/Kgal). The chemical constituents were converted from the
units of moles per thousand gallons reported by the TRAC code to units of
grams per gram of waste for input to the MEPAS code.

Some nonradioactive chemicals considered from Winters (1989) were not
in the TRAC outputs and therefore did not have inventory estimates. These
chemicals are As, Be, Cd, Cu, Hg, Sb, Se, and V. To predict impacts for
these constituents, the inventory for each such constituent was set to an
arbitrary fraction of the waste; specifically an inventory was assumed of 1%
by weight of the SST waste for each tank farm group.
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4.0 SINGLE-SHELL TANK RELEASE SCENARIO

A11 constituents released from the SST wastes were assumed to be iﬁ
the solid form and were simulated as leached from the waste form with no
container (tank) present. The potential releases of radioactive and chemical
constituents from SST wastes at each tank farm group were modeled as though
the wastes were contained in a single tank with an expanded radius. The
equivalent area for this single tank was computed as the sum of tank areas
within each tank farm group. Volumetric flow rates for each of the tank farm
groups were determined by multiplying the equivalent area by the annual
amount of water assumed to pass through the tank farm group area resulting
from natural recharge. The depth to groundwater beneath each of the tank
farm groups was based on the Hanford Site water table measurement data
reported by Schatz and McElroy (1988).

Single-shell tank waste releases were computed for recharge rates of
0.5, 1.0, and 10.0 cm/yr to bound the range of rates described in Gee (1987).
A recharge rate of 10.0 cm/yr, which results in the fastest release of SST
constituents, roughly corresponds to a tank farm group with a gravel surface

cover. Recharge rates of 0.5 and 1.0 cm/yr, which produce slower constituent
release rates, represent conditions where vegetation is present above the

tank farm group. Small amounts of recharge would be expected with placement
of barriers above the tanks.

The release of constituents from the SST waste inventories was simulated
with solubility limits for chemical constituents and a modified solubility
method for radiocactive constituents.

CHEMICAL CONSTITUENTS

Solubility 1imits for chemical constituents were obtained from Weiss
(1986) . Weiss agitated several samples of SST wastes in a water bath and
analyzed the water from these tests to determine the solubility of the
constituents. Average solubility values for chemical constituents were
computed from the data reported by Weiss. Solubility values for chemicals
not included in the Weiss study were obtained from a chemical handbook (CRC
1988). Since the completion of this effort, Serne and Wood (1990) have
provided a summary of solubilities for Hanford which supersede the estimates
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used here. In future assessments for SST waste characterization work, their
revised solubility values, perhaps supplemented with additional measured
values from water leachate tests, will be used.

Appendix C lists the solubility limits, half-lives and Kd values used by
this study for the chemical constituents.

RADIOACTIVE CONSTITUENTS

Solubilities for radionuclides were reported in Weiss (1986) as gross
alpha, beta, and gamma activity and not by individual radionucltides.
Therefore, the reported solubilities were not useful in this assessment of
individual radionuclides.

For radioactive constituents in the SST wastes, a congruent release
method was used to estimate release rates. The congruent release method is a
relatively standard approach used when detailed information is not available
on the solubility of many of the constituents. The method, as implemented in
this study, will provide a conservative {i.e., high) release rate for most of
the constituents.

In the congruent release method, the release of a major, relatively
soluble fraction (sodium nitrate) of the SST wastes is assumed to control

the release of all constituents. All the radionuclides are assumed to be
homogeneously mixed in the solid sodium nitrate phase of the SST wastes.

The TRAC inventories for sodium and nitrate were used to calculate a maximum
sodium nitrate inventory for each of the SST farms modeled. Based on this
inventory of sodium nitrate, the time period for the total release of sodium
nitrate was computed. The release of each of the radioactive constituents
was assumed to occur over the same period as the sodium nitrate. A sodium
nitrate solubility of 921 g/L water (CRC 1988) was used to compute the
release rate. This solubility rate for the congruent release was selected to
provide conservative estimates of release time rather than the lower value
previously used at Hanford (DOE 1987). This release computation was made for
the three annual recharge rates (0.5, 1.0, and 10.0 cm/yr). Appendix D lists
the number of years to release the radionuclides for each recharge rate for
all tank farm groups based on the duration for all the materials to leach
into the soil from the waste tank.
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5.0 [ENVIRONMENTAL MODELING

This section covers the modeiing of SST constituent movement and upfaké
at a hypothetical receptor location. This includes the geology and hydrology
used in the environmental transport computations as well as assumptions for
the computation for potential health impacts.

The single-shell tanks are located at the Hanford Site in an arid region
of the Columbia Basin (Jaquish and Mitchell 1988). The main geologic units
present beneath the Site are the Columbia River Basalt Group, the Ringold
Formation, and a series of glaciofluvial sands and gravels informally named
the Hanford formation. Groundwater is present in both confined and
unconfined aquifers beneath the Site. The unconfined aquifer has been
impacted by Hanford Site operations more than the confined aquifers. In this
assessment for SST wastes, the transport of wastes in groundwater is assumed
to occur in the unconfined aquifer system. The uppermost aquifer beneath the
SST farms is an unconfined aguifer contained within the sediments of the
Hanford and Ringold formations overlying the basalts (Graham et al. 1981}.

GEOLOGY BENEATH THE SINGLE-SHELL TANK FARM GROUPS

The six geologic settings modeled in this study correspond to geologic
conditions beneath the A, B, C, S, T, and U tark farm groups. The S, T, A,
B, and C tank farm groups consist of a minimum of one and a maximum of three
individual tank farms. Each SST farm contains as few as 6 and as many as 18
tanks. The tops of the tanks are from 1.8 to 3.0 m below the surface. Tank
bottoms are from 11.5 to 15.0 m below the ground surface and 42 to 70 m above
- the water table.

The SSTs are buried in soils derived from sediments. The Hanford and
Ringold formations are of interest to this study because they comprise the
unsaturated and saturated zones beneath the SST farms. The geologic cross
sections and the hydrologic parameters of the unsaturated and saturated zones
beneath the SST farms were based on sediment textural data.

Sediment cores collected during construction of groundwater monitofing
wells at the SST farms were sieved to obtain percent grain size (textural)
data. The textural data from these cores were used to define sediment types
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based on relative percentages of the sand, silt, and clay fractions present
in each sample. Textural data were used to define the sediment types present
and to determine the depths at which they occur in geologic cross sections.
The textural data obtained for core samples collected at the Hanford Site are
summarized and stored for retrieval in the ROCKSAN database described in
Price and Fecht (1976a through d) and Fecht and Price (1977a through 1).'
Additional lithologic data for each of the SST farms were obtained from
geologic cross-section reports on the individual SST farms by Price and Fecht
(1976a through 1), Fecht and Price (1977a through 1), and Talliman et al.
(1979). By combining these data sets, repﬁesentative geologic cross sections
for the unsaturated and saturated zones beneath each of the SST farms were
determined.

The textural data were used to group lithologies in the cross sections
into composite lithologies for each tank farm. The thickness of the sedi-
ments with equivalent textures at a tank farm were summed to create a single
unit (layer) with fixed textural characteristics. This was done for each of
the individual sediment types present at each of the SST farms. Care was
taken in assigning the correct textural data to the depths where the
unsaturated sediment layers are located beneath each of the SST farms.
Although the unsaturated zone data used for the study are composites, they
reflect the actual thicknesses of the various sediment types beneath an
individual SST farm.

By constructing and comparing composite lithologies for the 12 tank
farms, similarities in cross-section stratigraphies were noted among tank
farms. Because of these similarities, the number of SST farms modeled by
this study was reduced. Based on similar stratigraphies, the SST farms were
clustered in the six tank farm groups described above.

For this study, the tank farms were divided into six subsets based on
the general geology beneath them. These subsets were assigned to either the
200 East Area (A, B, and C Tank Farms) or 200 West Area (S, T, and U tank
farms). Sediments associated with each of these areas are distinct enough
that significant differences are noted in the hydraulic parameters. In
general, the sediments in and around the 200 West Area were deposited in a
low-energy lake environment {Graham et al. 1981) while the sediments in and
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around the 200 East Area were deposited in a high-energy fluvial environment.
The sediments in and around the 200 West Area are finer grained (silts and
clays) compared to the coarser sediments {gravels and sands) deposited in

and around the 200 East Area. Based on the differences in the textural
percentages of the sediments, different sets of hydraulic parameters were
used for the 200 East and 200 West Areas. '

TRANSPORT PARAMETERS

The groundwater transport parameters required to simulate flow and
transport through the unsaturated and saturated zones of this aquifer with
the MEPAS code are described in the MEPAS application guideline document,
Droppo et al. (1989, Volume 2). Table 5.1 is a reproduction of the Table 2.1
in Droppo et al. (1989) and is used extensively in this report for
groundwater input parameters.

Hydrologic parameters for the textural units in the unsaturated and
saturated zones are based on Table 5.1. For this study, the unsaturated
zone lithologies consisted of a minimum of two and maximum of seven textural
units. The.hydrologic parameters assigned to the individual unsaturated
and saturated zones for the SST farms are listed in Appendix E.

The depths to the water table for each of the tank farm groups were
obtained from June 1988 Hanford groundwater measurement data (Schatz and
McEiroy 1988).

The saturated zones beneath all the tank farm groups were assigned
hydraulic parameter values for sand-sized materials based on parameter data
as listed in Table 5.1. This table was used to determine all hydraulic
transport parameters except the groundwater flow velocity. Groundwater flow
velocities of 0.3 and 1.5 m/day were used for the SST farms in the 200 West
and 200 East Areas, respectively, based on Graham et al. (1981).

A constant thickness of 4.57 m was used to model where the hypothetical
well intercepts the saturated zone for all tank farm groups. This thickness
represents a maximum limit of vertical mixing and was selected to be
consistent with previous modeling efforts for the Hanford Grout Performance
Assessment studies (Sewart et al. 1987). Water concentrations are computed
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TABLE 5.1. Representative Soil Characteristics(a)

C]ass?gélation ﬁ§§3§3§?g Bulk Field
Soil-Texture Sand Silt Clay Conductivity Porosity Density Capacity
Classification % % % (ft/day) (%) (g/cmy {%)
Sand % 3 2 2.0E+03 38.0 1.6 9.0
Loamy sand 84 12 4 3.2E402 43.7 1.49  12.0
Sandy loam 65 25 10 4.9E+01 44.2 1.48 17.5
Loam 4 40 15 1.5E+01 46.6 1.42 23.5
Silty loam 25 63 12 5.6E+00 46.3 1.42 27.5
Silt 8 8 5 2.9E+00 44.2 1.48 28.0
Sandy clay loam 60 14 26 1.6E+00 39.8 1.60 24.0
Clay Toam 31 36 33 4.9E-01 47.7 1.39 34.0
Silty clay Jloam 10 58 32 3.3E-01 49.0 1.35 37.5
Sandy clay 50 8 42 1.7E-01 43.0 1.51 32.0
Silty clay 8 47 45 1.2E-01 48.6 1.36 42.0
Clay 35 15 50 7.9E-02 47.5 1.39 40.0

(a) These values are taken directly from MEPAS Application Guidance Document
(Droppo et al. 1989). '

at a hypothetical well Tocated 50 m downgradient from the boundary of each of
the SST farm groups.

The adsorption coefficient (K4) and half-lives of the radionuclides for
this analysis are listed in Appendix F. The adsorption coefficient and
solubility T1imits used for nonradioactive chemical constituents are listed in
Appendix C. The Kqg values, for both radioactive and chemical constituents,
are derived from Whelan et al. (1987), Droppo et al. (1989), and Strenge and
Peterson (1989). :
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In addition to considering a range of possible recharge rates, a
sensitivity analysis was conducted for the adsorption coefficients (Kds).
For Tank Farm Group A with a 10.0-cm/yr recharge, the K4 values were reduced
by a factor of 5. This factor represents a rough estimate of the uncertainty
in Kd magnitudes selected as a midpoint of values from previous uncertainty
studies. '

EXPOSURE SCENARIO

The ranking of SST constituents was based on the exposure model
described in Whelan et al. (1987) with the exposure parameters documented
in Strenge and Peterson (1989). The Hanford farm exposure scenario provides
a means of computing relative health impacts from SST constituents based on
major direct and indirect routes of exposure to people through common
domestic and agricultural water usage.

In the farm exposure scenario, it is assumed that a family obtains
all of their drinking water and one-fourth of their farm products from
contaminated irrigation water from the hypothetical well. Farm products
are considered contaminated when the well water is used to irrigate the food
crops, irrigate animal feed crops, and water animals. The total intake of
farm products by an individual of the family is assumed to be the foliowing:
jeafy vegetables, 7.5 kg/yr; other vegetables, 160 kg/yr; meat, 24.5 kg/yr;
and milk, 69 kg/yr. The exposure'scenario is evaluated for each constituent
using the maximum water concentration for a 70-year lifetime over the
modeling period (10,000 years).

The computed human health impacts resulting from a hypothetical farm
exposure scenario provide a measure of importance that includes components of
a range of possible exposure routes. Because the location of the hypotheti-
cal wells immediately downgradient of the tank farm groups is very unlikely,
the results are not considered realistic measures of absolute impacts.
Rather, the predicted impacts at the weli were used to provide a ranking of
the constituents by relative importance.
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HEALTH IMPACT RANKING INDICES

The total health impact rankings from the farm exposure scenario for
radioactive carcinogens, chemical carcinogens, and chemical noncarcinogens
are reported in terms of a ranking index. The ranking index formulations for
radioactive constituents (RIR), for carcinogenic constituents (RIg), and for
noncarcinogenic constituents (RIN) are presented below. (The dose computed
for each constituent is based on the maximum water concentration for the
modeling period.) The ranking indices are reported separately reflecting the
different nature of impacts (i.e., carcinogens versus and noncarcinogens) and
possible uncertainty in the equivalence of carcinogenic effects.

For radionuclides the ranking index is evaluated using an effective
dose equivalent (EDE) for an individual exposed for a 70-year tifetime in a
farming scenario. The health effects conversion factor (Hg), expressed as
risk per unit dose, was the value derived by Buhl and Hansen (1984) from
NAS (1980).

RIp = (EDE) x HE
where RIR = ranking index for a radionuclide
EDE = maximum effective dose equivalent for lifetime exposure
for an individual, rem
HE = health effect conversion factor, 2.7 x 10-4 health

effects per rem lifetime exposure

For carcinogenic chemicals, the ranking index is evaluated consistent
with EPA's guidance for carcinogenic risk levels (EPA 1989) using a chemical
specific cancer potency factor.

RIc = D x CPF (5.2)

where RIc = ranking index for a carcinogenic chemical

D = maximum lifetime intake rate of a chemical,
mg*d/kg
CPF = cancer potency factor for the chemical, mg/kg/d
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The ranking indices for radionuclides and carcinogenic chemicals are
approximately comparable because both are based on estimates of latent cancer
fatalities. The ranking index for noncarcinogenic chemicals, on the other
hand, is not related to any specific fatal effect.

The noncarcinogen ranking index is evaluated following EPA's guidance
for noncarcinogenic hazard quotients (EPA 1989):

RIN = D/RfD (5.3)

where RIyN = ranking index for a noncarcinogenic chemical

D = maximum lifetime intake rate of a chemical,
mg/kg/d

RfD = reference dose for the chemical, mg/kg/d

The reference dose is an intake level that represents a safe level of intake
for continuous exposure over the lifetime of an individual.

Indices for both radioactive and chemical carcinogens are based on
similar risk-based considerations. On these scales, a value of 10-6 is
considered a typically acceptable level of protection.

The impacts of noncarcinogens are normally assumed to occur only at
concentrations greater than some threshold value. The scale for the
noncarcinogenic ranking index is such that a value equal to or less than
1.0 indicates the computed levels for the hypothetical exposure scenario
are below those at which effects are expected.

In MEPAS, decay products are assumed to be transported with the parent
material. As a result, exposures could be underestimated for decay products
with transport properties that move them faster than the parent material.
Table 5.2 lists the radionuclides for which this could occur. In this
analysis, special runs were made to evaluate indices for the potential decay
product inventories based on their properties.
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TABLE 5.2. Decay Products Potentially Moving Faster
Than Parent Material

Parent Name Decay Product(s)

Am-241 --> Np-237 --> Pa-233 --> U-233

AM-242m -=> Cm-242 --> Pu-238 --> U-234 --> Th-230
(m-242 --> Pu-238 =-> U-234 --> Th-230 |
Cm-244 --> Pu-240 --> U-236

Np-237 =--> Pa-233 --> U-233

Pu-238 --> U-234 --> Th-230

Pu-239 --> U-235

Pu-240 --> U-236

Pu-241 --> Am-241 --> Np-237 --> Pa-233 --> U-233
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6.0 ASSESSMENT RESULTS

A large fraction of the constituents in SST waste had predicted
concentrations of zero at the well and thus have 1little or no potential
for impact. The results given below are for constituents with non-zero
concentrations.

The best separation of the ranked constituents occurs for the highest
assumed recharge rates. More non-zero concentrations are predicted for the
highest recharge rate (10.0 cm/yr) than for 0.5 and 1.0 cm/yr. As a result,
10.0 cm/yr was selected as the recharge rate that the final rankings were
based on. A listing of peak concentrations and their arrival times for all
constituents in the hypothetical well are given for the 10.0 cm/yr recharge
rate in Appendix G.

As explained above, different ranking indices are used for carcinogenic
and noncarcinogenic constituents. Constituents of importance based on health
impacts for radiation exposure and chemical carcinogenic impacts are pre-
sented separately from chemicals with noncarcinogenic impacts. The chemicals
are listed in two groups: 1) chemicals with an estimated inventory and
2) chemicals without an estimated inventory.

Figures 6.1 to 6.3 (figures referred to in Section 6.0 are found at the
end of the section) summarize the Tank Farm Group A rankings for carcinogenic
constituents for the three recharge rates. The relative rankings for radio-
active materials are approximately equivalent to the appearance of niobium-
93M at the bottom of the scale in the 10.0-cm/yr plot. Although all of the
carcinogenic chemical impacts are too low to rank for 0.5- and 1.0-cm/yr
recharge rates, arsenic (which is based on a 1% by weight inventory) appears
at the top of the rankings for the 10.0-cm/yr recharge rate. Similar
differences in the rankings were observed for the other tank farm groups for
the 10.0-cm/yr.

The appearance of constituents at the high recharge rate was primarily
the result of decreasing the travel times to less than 10,000 years. To
further investigate the effect of transport times, a 10.0-cm/yr recharge rate
sensitivity run was made in which the Kq values were reduced by a factor of
5. Figure 6.4 shows the rankings and peak concentration times for this
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analysis. The dependence on transport time is apparent (i.e., with a lower
Kq several additional constituents reach the receptor that did not before).

Figures 6.5 to 6.9 contain plots of the relative carcinogenic rankings
for Tank Farm Groups B, C, S, T, and U. Figures 6.10 to 6.12 contain a
summary of the Tank Farm Group A rankings for noncarcinogenic constituents
for three recharge rates. Figure 6.13 shows the results of an reduced Kd
value on these rankings. Figures 6.14 to 6.18 contain plots of the relative
noncarcinogenic rankings for Tank Farm Groups B, C, S, T, and U.

The highest radionuclide rankings at the tank farm groups occurred
for carbon-14, technetium-99, uranium-238, uranium-235, and iodine-129.
Uranium-234, uranium-233, thorium-229, and niobium-93M generally had lower
rankings. Neptunium-237, protactinium-231, protactinium-233, thorium-229,
and selenium-79 were added to the rankings in the transport sensitivity study
for the cases with enhanced transport rates.

The highest rankings for noncarcinogenic chemicals for which estimated
SST inventories were available occurred for cyanide, nitrite, nitrate, EDTA,
fiuoride, sodium, chromium VI, and sulfate. Nickel and iron ranked high for

Tank Farm Groups S, T, and U. Siltver and chloride ranked in the lower
portion of the scale. The sensitivity study using enhanced transport rates

resuited in the addition of zirconium to the rankings for Tank Farm Group A,
a shift of iron from a low ranking to a high ranking, and some minor shifting
of the ranking order of other constituents.

Antimony, mercury, and vanadium consistently appeared in the rankings
for noncarcinogenic chemicals for which a 1% inventory was assumed. Also
ranking are sulfate (Tank Farm Group S), cadmium (Tank Farm Groups T and U),
and copper (Tank Farm Group U). The sensitivity study using enhanced
transport rates resulted in the appearance of copper and selenium in the
rankings. Only arsenic appeared in any of the ranking results for
carcinogenic chemicals for which a 1% inventory was assumed.

The rankings were found to change slightly over the possible range of
recharge rates and transport rates. The effect is the addition of new
constituents that are predicted to impact at a time near the end of the
computational time period (10,000 years). |
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FIGURE 6.5. Radioactive and Carcinogenic Chemicals Rankings for
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FIGURE 6.14. Noncarcinogenic Chemicals Rankings for Tank Farm
Group B with a Recharge Rate of 10.0 cm/yr
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Ranking Index
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7.0 CONCLUSIONS

A hypothetical exposure pathway analysis based on a farm exposure .
scenario was used to assess the relative importance of SST constituents.
The resulting rankings of the SST constituents are provided as guidance
in planning efforts to better characterize the contents of SSTs.

The ranking results were generally not sensitive to the different
recharge rates assumed for the unsaturated zone transport. With higher
recharge rates, greater relative impacts were predicted with minor changes
in overall ranking order. However, for a few constituents, the change in
recharge rate was sufficient to significantly change the ranking status.

The overall rankings of SST tank constituents were similar for the
different tank farm groups. Shifts in the absolute scale of the ranking
scores, as well as changes in the relative scores of several constituents,
occurred as the result of different inventories and different local geologic
conditions. These shifts were generally insignificant in terms of the
overall rankings of constituents.

The rankings provided a wide separation of relative constituent
importance. Single-shell tank waste constituents with zero predicted
environmental concentrations at the hypothetical well located 50 m
downgradient had the lTowest ranking. Rankings derived from the remaining
non-zero predicted concentrations provided a relative indication of the
importance of these SST constituents.

Tests with different groundwater transport rates demonstrated that
although the rankings for most constituents remained the same with enhanced
transport rates, the rankings did change drastically for a few constituents.
Several constituents shifted from a zero predicted concentration to a high-
ranking status.

It must be noted that these results are only preliminary and are
expected to change as more information becomes available. It is planned that
more detailed information on SST constituent inventories, concentrations,
solubility limits, and distribution coefficients (K4s) will become available.
This information will allow for more representative results to be computed on
the SST waste.
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APPENDIX A
TRAC_RADIONUCLIDE INVENTORY FOR SINGLE-SHELL TANK FARMS(a)

TABLE A.1. TRAC Radionuclide Inventory for Tank Farm Group A

Total Activity Activity/Mass
Constituent (Ci) (Ci/g)

Ac225 2.16E-06 2.67E-16
Ac227 1.99E-04 2.46E-14
Am241 5.82E+03 7.20E-07
Am242 7.89E+00 9.76E-10
Am242m 7.89E+00 9.76E-10
Am243 3.31E+00 4.10E-10
At217 2.16E-06 2.67E-16
Bal35m 0.00E+00 0.00E+00
Bal37m 4,70E+05 5.82E-05
Bi210 1.64E-09 2.03E-19
Bi2ll 1.99E-04 2.46E-14
Bi213 2.17E-06 2.68E-16
Bi2l4 8.29E-09 1.03E-18
C14 1.23E403 1.53E-07
Cm242 6.48E+00 8.02E-10
Cm244 9.26E+00 1.15E-09
- Cm245 5.14E-04 6.36E-14
Cs135 1.58E+00 1.96E-10
Cs137 4.80E+05 5.94E-05
Fr22l 2.16E-06 2.67E-16
Fr223 3.39E-06 4.19E-16
1129 4.70E-01 5.82E-11
Nb93m 1.37E+03 1.69E-07
Ni59 0.00E+00 0.00E+00
Ni63 1.20E+05 1.49E-05
Np237 4,.10E-01 5.08E-11
Np239 3.21E+00 3.97E-10
Pa231 5.19e-04 6.42E-14
Pa233 4.10E-01 5.08E-11
Pa234m 1.62E+01 2.00E-09
Pb209 2.16E-06 2.67E-16
Pb210 1.53E-09 1.89E-19
. Pb211 1.99E-04 2.46E-14
Pb214 8.29E-09 1.03E-18

A.l




TABLE A.1. (contd)
Total Activity Activity/Mass
Constituent (Ci) (Ci/g)
Pd107 9.40E-01 1.16E-10
Po210 1.52E-09 1.88E-19
Po213 2.16E-06 2.67E-16
Po214 1.09E-08 1.35E-18
Po215 1.99E-04 2.46E-14
Po218 8.29E-09 1.03E-18
Pu238 2.29E+02 2.84E-08
Pu239 4.90E+03 6.06E-07 -
Pu240 1.37E+03 1.70E-07
Pu241 1.44E+04 1.78E-06
Ra223 1.99E-04 2.46E-14
Ra225 2.16E-06 2.67E-16
Ra226 8.29E-09 1.03E-18
Rul06 2.48E+01 3.06E-09
Sb126 2.49E+02 3.08E-08
Sb126m 2.49E402 3.08E-08
Se79 9.50E+00 1.18E-09
Smi51 2.50E+05 3.09E-05
Snl26 2.49E+02 3.08E-08
Sr90 2.30E+07 2.85E-03
Te99 3.20E+02 3.96E-08
Th227 1.97E-04 2.43E-14
Th229 2.16E-06 2.67E-16
Th230 2.35E-06 2.90E-16
Th231 7.39E-01 9.14E-11
Th233 0.00E+00 0.00E+00
Th234 1.62E+01 2.00E-09
T1207 1.99E-04 2.46E-14
U233 1.17E-03 1.44E-13
U234 2.05E-02 2.54E-12
U235 7.39E-01 9.14E-11
u23s 1.62E+01 2.00E-09
Y90 2.30E+07 2.85E-03
Zr93 2.18E+03 2.70E-07

(a) Based on data supplied by Westinghouse Hanford Company.
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TABLE A.2. TRAC Radionuclide Inventory for Tank Farm Group B

Constituent

Ac225
Ac227
Am241
Am242
Am242m
Am243
At217 -
Bal35m
Bal37m
Bi210
Bi2l1
Bi213
Bi2l4
Cla
tm242
Cm244
Cm245
Csl35
Csi37
Fr221
Fr223
1129

- Nb93m
Ni59
Ni63
Np237
Np239
Pa231
Pa233
Pa234m
Pb209
Pb210
Pb211
Pb214

Total Activity

(€i)

3.79E-06
6.86E-03
1.05E+04
1.71E+01
1.91E+01
8.82E+00
3.78E-06
0.00E+00
1.23E+07
8.49E-09
6.87E-03
3.94E-06
3.29E-08
8.03E+03
1.57E+01
5.16E+01
3.81E-03
4.77E+01
1.27EH07
3.89E-06
9.40E-05
2.37E+01
4,25E+02
0.00E+00
5.91E+04
3.70E401
8.78E+00
1.13E-02
3.70E+01
1.65E+02
3.79E-06
8.33E-09
6.86E-03
3.29E-08

A.3

Activity/Mass

(Ci/g)

4.21E-17
7.60E-14
1.16E-07
1.89E-10
2.12E-10
9.78E-11
4.20E-17
0.00E+00
1 D37E-04
9.41E-20
7.61E-14
4.37E-37
3.64E-19
8.90E-08
1.74E-10
5.72E-10
4,23t-14
5.29E-10
1.40E-04
4.32E-17
1.04E-15
2.62E-10
4.71E-09
0.00E+00
6.55E-07
4.10E-10
9.73E-11
1.26E-13
4.10E-10
1.83E-09
4.21E-17
9.24E-20
7.60E-14
3.64E-19



Constituent

Pd107
Po210
Po213
Po214
Po215
Po218
Pu238
Pu239
Pu240
Pu241
Ra223
Raz225
Raz226
Rul06
Sb126
Sb126m
Se79
Sm151
Sn126
SraQ
Tc99
Th227
Th229
Th230
Thz231l
Th233
Th234
T1207
U233
V234
U235
U238
Y90
Zr93

TABLE A.2.

(Ci)

(contd)

Total Activity

3.98E+01
8.35E-09
3.76E-06
4,16E-08
6.87E-03
3.29E-08
1.78E+02
3.41E+03
8.05E+02
1.20E+04
6.85E-03
3.91E-06
3.29E-08
5.16E+00
4.64E+01
4.64E+01
4.23E+02
5.85E+04
4.33E+01
9.71E+06
1.48E+04
6.52E-03
3.92E-06
6.14E-06
7.23E+00
0.00E+00
1.65E+02
6.86E-03
3.76E-03
3.64E-02
7.25E+00
1.66E+02
1.08E+07
2.38E+02

A.4

Activity/Mass

(Ci/g)

4.42E-10
9.26E-20
4,17E-17
4.61E-19
7.61E-14
3 064E-19
1.98E-09
3.79E~08
8.92E-09
1.33E-07
7.60E-14
4.34E-17
3.64E-19
5.73E-11
5.15E-10
5.15E-10
4.69E-09
6.49E-07
4.80E-10
1.08E-04
1.64E-07
7.23E-14
4.34E-17
6.81E-17
8.02E-11
0.00E+00
1.83E-09
7.60E-14
4.17E-14
4.04E-13
8.04E-11
1.84E-09
1.20£-04
2.64E-09



TABLE A.3. TRAC Radionucltide Inventory for Tank Farm Group C

Constituent

Ac225
Ac227
Am241
Am242
Am242m
Am243
At217
Bal35m
Bal37m
Bi210
Bi2ll
Bi2l3
Bi2l4
Cl4
Cm242
Cm244
Cm245
Cs135
Cs137
Fr221
Fr223
1129
Kb93m
Ni59
Ni63
Np237
Np239
Pa231
Pa233
Pa234m
Pb209
Pb210
Pb211
Ph214

Total Activity

(Ci)

Activity/Mass

(Ci/q)

1.31E-06
1.15€E-03
1.24E+04
2.34E+01
2.34E+01
1.18EH)1
1.31E-06
0.00E+00
4.20E+05
3.88E-09
1.15E-03
1.51E-06
1.81E-08
1.03E+03
1.29E+01
7.00E+01
4.00E-03
1.69E+00
5.21E+05
1.31E-06
1.77€-05
2.08E+00
4.05E+02
0.00E+00
6.73E+04
3.14E-01
1.07E+01
2.47E-03
3.14E-01
6.06E+01
1.31E-06
3.84E-09
1.15E-03
1.92E-08

A.s

6.01E-17
5.30E-14
5.67E-07
1.07E-09
1.07E-09
5.42E-10
6.00E-17
0.00E+00
1.93E-05
1.78E-19
5.30E-14
6.93E-17
8.31E-19
4.73E-08
5.93E-10
3.21E-09
1.84E-13
7.75E-11
2.39E-05
6.01E-17
8.12E-16
9.53E-11
1.86E-08
0.00E+00
3.09E-06
1.44E-11
4 .91E-10
1.13E-13
1.44E-11
2.78E-09
6.01E-17
1.76E-19
5.30E-14
8.81E-19



Constituent

Pd107
Po210
Po213
Po214
Po2l5
Po218
Pu238
Pu239
Pu240
Pu24l
Ra223
Ra225
Ra226
Rul06
Sbh126
Sbi26m
Se79
Sm151
Snl26
Sra0
Tc99
Th227
Th229
Th230
Th231
Th233
Th234
T1207
- U233
U234
U235
U238
Y90
Zr93

TABLE A.3.
Total Activity

(Ci)

(contd)

4,12E+00
3.64E-09
1.31E-06
2.40E-08
1.15E-03
1.92E-08
1.94E+02
5.12E+03
1.34E+03
1.66E+04
1.15E-03
1.41E-06
1.92E-08
5.95E+00
9.08E+01
9.08E+01
3.12e+01
1.05E+05
9.08E+01
5.62E+06
1.05E+03
1.14E-03
1.31E-06
3.36E-06
2.35E+00
0.00E+00
6.06E+01
1.15E-03
6.61E-04
2.48E-02
2.35E400
6.06E+01
5.62E+06
5.62E+02

A.G

Activity/Mass

(Ci/q)

1.89E-10
1.67E-19
6.00E-17
1.10E-18
5.30E-14
8.81E-19
8.90E-09
2.35E-07
6.15E-08
7.61E-07
5.30E-14
6.47E-17
8.81E-19
2.73E-10
4.16E-09
4.16E-09
1.43E-09
4.81E-06
4.16E-09
2.58E-04
4.84E-08
5.25E-14
6.01E-17
1.54E-16
1.08E-10
0.00E+00
2.78E-09
5.30E-14
3.03E-14
1.14E-12
1.08E-10
2.78€E-09
2.58E-04
2.58E-08



TABLE A.4. TRAC Radionuclide Inventory for Tank Farm Group S

Constituent

Ac225
Ac227
Am241
Am242
Am242m
Am243
At217
Bal35m
Bal37m
Bi210
Bi2ll
Bi213
Bi2l4
C14
Cm242
Cm244
Cm245
Cs135
Cs137
Fr221
Fr223
1129
Nb93m
Nibs9
Ni63
Np237
Np239
Pa231
Pa233
Paz34m
Pb209
Pb210
Pb211
Pb214

Total Activity

(Ci)

1.97E-06
2.87E-03
1.15E+04
1.72E+01
1.72E+01
6.52E+00
1 . 95E"06
0.00E+00
1.13E+07
5.93E-09
2.87E-03
2.02E-06
2.62E-08
2.84E+03
1.30E+01
2.46E+01
1.50E-03
5.93E+01
1.24E+07
1.97E-06
4.07E-05
1.22E+01
7.02E+02
0.00E+00
5.73E+04
1.01E+01
6.31E+00
4,87E-03
1.02E+01
3.22E401
1.97E-06
5.60E-09
2.87E-03
2.63E-08

A.7

Activity/Mass

{Ci/q)

1.97E-17
2.86E-14
1.14e-07
1.72E-10
1.72E-10
6.49E-11
1.94E-17
0.00E+00
1 . 12E"04
5.91E-20
2.86E-14
2.02E-17
2.61E-19
2.83E-08
1.29E-10
2.45E-10
1.49E-14
5.91E-10
1.24E-04
1.97E-17
4.06E-16
1.21E-10
6.99E-09
0.00E+00
5.70E-07
1.00E-10
6.28E-11
4.85E-14
1.01E-10
3.21E-10
1.97E-17
5.57E-20
2.86E-14
2.62E-19



Constituent

Pd107
Po210
Po213
Po214
Po215
Po218
Pu238
Pu239
Pu240
Pu24l
Ra223
Ra225
Ra226
Rul06
Sb126
Sb126m
Se79
Sml151
Snl26
Srs0
TcS9
Th227
Th229
Th230
Th231
Th233
Th234
T1207
U233
U234
U235
U238
Y90
rg3

TABLE A.4.

(Ci)

(contd)

Total Activity

2.03E+01
5.50E-09
1.95E-06
3.34E-08
2.87E-03
2.63E-08
2.87E+02
4.27E+03
8.94E+)2
7 .85E+03
2.87E-03
1.97E-06
2.63E-08

1.01E+00 -

1.57E4+02
1.57E+02
2.30E+02
2.06E+05
1.57E+02
1.63E+07
7.40E+03
2.86E-03
1.97E-06
5.32E~06
1.61EH00
0.00E+00
3.22E+01
2.87E-03
1.22E-03
3.23E-02
1.61E+00
3.23E+01
1.66E+07
8.07E+02

A.B

Activity/Mass

(Ci/qg)

2.02E-10
5.47E-20
1.94E-17
3.32E-19
2.86E-14
2.62E-19
2.86E-09
4.25E-08
8.91E-09
7.81E-08
2.86E-14
1.97E-17
2.62E-19
1.01E-11
1.56E-09
1.56E-09
2.29E-09
2.05E-06
1.56E-09
1.62E-04
7.37E-08
2.85E-14
1.97E-17
5.30E-17
1.60E-11
0.00E+00
3.21E-10
2.86E-14
1.21E-14
3.22E-13
1.60E-11
3.22E-10
1.65E-04
8.04E-09



TABLE A.5. TRAC Radionuclide Inventory for Tank Farm Group T

Constituent

Ac225
Ac227
Am241
Am242
Am242m
Am243
At217
Bal35m
Bal37m
Bi210
Bi2ll
Bi213
Bi2i4
Ci14
Cm242
Cm244
Cm245
Cs135
Cs137
Fr221
Fr223
1129
Nb93m
Ni159
Ni63
Np237
Np239
Pa231
Pa233
Pa234m
Pb209
Pb210
Pb211
Pb214

Total Activity

(Ci)

1.30E-06
3.99E-03
2.61E+03
2.61E+00
2.61E+00
9.76E-01
1.30E-06
0.00E+00
2.87E+06
9.40E-09
3.99E-03
1.32E-06
3.75E-08
1.87E+03
2.48E+00
3.41E+00
2.02E-04
2.01E+01
3.03E+06
1.30E-06
6.15E-05
4.41E+00
1.18E+02
0.00E+00
7.61E+03
8.24E+00
8.65E-01
8.42E-03
8.25E+00
1.71E+02
1.30E-06
8.25E-09
3.99E-03
3.75E-08

A.9

Activity/Mass

(Ci/q)

1.40E-17
4.44E-14
2.90E-08
2.91E-11
2.91E-11
1.09E-11
1.44E-17
0.00E+00
3.19E-05
1.05E-19
4.44E-14
1.47€-17
4.18E-19
2.,08E-08
2.76E-11
3.80E-11
2.25E-15
2.24E-10
3.37E-05
1.44E-17
6.85E-16
4.91E-11
1.32E-09
0.00E+00
8.48E-08
9.17E-11
1.076-11
9.38E-14
9.19E-11
1.90E-09
1.44E-17
9.19E-20
4.44E-14
4.18E-19



Constituent

Pd107
Po210
Po213
Po214
Po215
Po218
Pu238
Pu239
Pu240
Pu241
Ra223
Ra225
Ra226
Rul06
Sb126
Sb126m
Se79
Sml51
Snl26
Sr90
Tc99
Th227
Th229
Th230D
Th231
Th233
Th234
T1207
U233
U234
uz23s
U238
Y90
Zrg3

TABLE Als L]
Total Activity

(Ci)

(contd)

8.53E+00
8.16E-09
1.30E-06
4.12E-08
3.99E-03
3.75E-08
1.94E+02
2.64E+03
4.71E+02
5.35E+03
3.99E-03
1.30E-06
3.75E-08

3.72E-03 -

5.67E+01
5.67E+01
9.65E+01
6.39E+04
5.67E+01
1.74E+06
3.38E+03
3.75E-03
1.30E-06
7.11E-06
6.85E+00
0.00E+00
1.71E+02
3.99E-03
9.66E-04
3.79E-02
6.85E+00
1.71E402
1.86E+06
4.35E+01

A.10

Activity/Mass

(Ci/q)

9.49E-11
9.09E-20
1.44E-17
4.59E-19
4.44E-14
4.18E-19
2.16E-09
2.93E-08
5 L] 24E-09
5.96E-08
4.44E-14
1.44E-17
4.18E-19
4.14E-14
6.31E-10.
6.31E-10
1.07E-09
7.12E-07
6.31E-10
1.93E-05
3.77E-08
4.17E-14
1.44E-17
7.92E-17
7.62E-11
0.00E+00
1.90E-09
4.44E-14
1.08E-14
4,22E-13
7.62E-11
1.90E-09
2.07E-05
4.84E-10



TABLE A.6. TRAC Radionuclide Inventory for Tank Farm Group U

Constituent

Ac225
Ac227
Am241
Am242
Am242m
Ci4
Cm242
Cm244
Cm245
Cs135
Cs137
1129
Nb93m
Ni63
Np237
Pa231
Pa233
Pb210
Po210
Pu238
Pu239
Pu240
Pu241
Raz23
Ra225
Ra226
Rul06
Se79
Sm151
Snl26
Srgd
Tc99
Th229
Th230
Th234
U233
U234
U235
uz3s
Y90

Total Activity

(Ci)

2.86E-07
4.26E-04
3.68E+02
3.53E-01
3.54E-01
8.19E+01
3.28E-01
4.07E-01
2 . 55E-05
3.34E+00
5.45E+05
3.25E-01
1.81E+01
7.93E+02
7.07E-01
1.05E-03
7.07E-01
1.08E-09
1.08E-09
4.09E+01
2.14E+02
4.,40E+01
3.46E+02
4_.26E-04
2.86E-07
6.42E-09
1.16E-03
6.64E+00
1.01E+04
7.74E+00
5.35E+H05
2.31E+02
2.86E-07
1.07E-06
3.33E+01
1 . 53 E"04
7 .48E-03
1.16E+00
3.33E+01
5.35E+05

A.11

Activity/Mass

(Ci/g)

1.21E-17
1.80E-14
1.56E-08
1.50E-11
1.50E-11
3.47E-09
1.39E-11
1.72E-11
1.08E-15
1.41E-10
2.31E-05
1.38E-11
7.67E-10
3.36E-08
3.00E-11
4.46E-14
3.00E-11
4.59E-20
4.59E-20
1.73E-09
9.09E-09
1.86E-09
1.47E-08
1.80E-14
1.21E-17
2.72E-19
4.91E-14
2.81E-10
4.26E-07
3.28E-10
2.27E-05
9.80E~09
1.21E-17
4 .54E-17
1.41E-09
6.50E-15
3.17E-13
4.93E-11
1.41E-09
2.27E-05



TABLE A.7. Radionuclides Not Modeled(2)

Radionuclide Rationale Radionuclide Rationale
217at (b) 234pa (b)
1358, (b}(c) 209pp (b) (c)
2104 (b) (c) 211pp (b)
2113 (b) 214ph {(b)
213p4 (b) 213po (b)
214B3 (b) 214pg {b)
221Fy (b) 215pg “ (b)
223Fyp (b) 218po (b)
59N (b) 1265p (b)
239Np (b) (c) 227Th (b) (c)
231Th (b) 2337Th (b)
2071 (b)

(a) Of the radionuclides listed in the preceding tables
in this appendix, a number were not modeled because of
their properties. This table lists the radionuclides
not modeled and the rationale.

(b) Radionuclide has too short of a half-life for concern
as parent.

{c) Radionuclide is also in a decay chain such that the
contribution from this decay product will normally be

~small compared to the exposure from the parent.

A.12
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APPENDIX B
TRAC CHEMICAL SINGLE-SHELL TANK FARM INVENTORIES

TABLE B.1. Tank Farm A Chemical Inventories from TRAC Output(a)

Chemical Total Mass Concentration
Name (q) {g/q)
Ag 3.60E-03 1.60E-13
Al 7.20E407 3.30E-03
Ba 1.90E+05 8.70E-06
Bi 1.10E-08 5.10E-19
C2H303 3.10E+06 1.40E-04
CeH07 2.70E+07 1.20E-03
C03 9.40E+07 4.30E-03
C204 0.00E+00 0.00E+00
Ca 2.50E+05 1.10E-05
Cd 0.00E+00 0.00E+00
Ce 9.50E+03 4.40E-07
Cl 8.10E-04 3.70E-14
Cr 6.70E+06 3.10E-04
EDTA 1.80E+07 8.40E~-04
F 3.40E+05 1.50E-05
Fe 2.30E+08 1.00E-02
Fe(CN)6 8.70E+02 4.00E-08
HEDTA 2.90E+07 1.30E-03
Hg 0.00E+00 0.00E+00
K 4.40E4+05 2.00E-05
La 0.00E+00 0.00E+D0
Mn 3.10E+06 1.40E-04
NO2 1.70E+07 7.70E-04
NO3 4.10E+09 1.90E-01
Na 1.50E+09 6.80E-02
Ni 4.10E+05 1.90E-05
OH 2.70E+08 1.20E-02
P04 8.60E+05 4.00E-05
Pb 1.00E+05 4.80E-06
Se0q 0.00E+00 0.00E+00
Si03 1.20E+06 5.50E-05
Sn 0.00E+00 0.00£+00
S04 1.30E+08 5.80E-03
Sr 2.60E+04 1.20E-06
Woa 0.00E+00 0.00E+00
Zrd 2.30E+05 1.00E-05

B.1

(a) Based on data supplied by Westinghouse Hanford Company.



TABLE B.2.

Tank Farm B Chemical Inventories from TRAC Qutput

Chemical Total Mass
Name (g)
Ag 2.50E-01
Al 2.20E+09
Ba 1.40E+05
Bi 4,50E+09
C2H303 3.30E+05
CeH507 1.40E+09
€03 1.60E+09
C204 0.00E+00
Ca 8.90E+06
Cd 0.00E+00
Ce 2.60E+05
(o 1.50E-01
Cr 6.30E+05
EDTA 1.90E+06
F 2.50E+08
Fe 1.80E+08
Fe(CN)6 3.90E+06
HEDTA 3.30E+06
Hg 0.00E+00
K 3.00E+07
La 4 .60E+05
Mn 1.80E+06
NO2 2.30E+09
NO3 4.00E+10
Na 1.50E+10
Ni 3.90E+07
OH 1.60E+09
P04 3.20E409
Pb 1.90E+07
SeQg 0.00E+00
Si03 2.70E+08
Sn 0.00E+00
S04 7.30E+08
Sr 1.40E+07
W04 0.00E+00
0 9.90E+06

B.z

Concentration

(g/9)

1.07E-12
1.72E-02
4.19E-06
4.21E-02
2.47E-06
4.84E-02
2.29E-02
0.00E+00
1.90E-05
0.00E+00
1.24E-06
7.16E-12
1.03E-05
1.18E-05
1.63E-03
8.27E-03
2.52E-05
9.30E-05
0.00E+00
5 . 60E"04
5.13E-06
8.31E-05
7.72E-02
7.40E-01
2.91E-01
1.02E~04
5.08E-02
1.62E-02
7 .80E-04
0.00E+00
1.08E-03
0.00E+00
1.90E-03
6.70E-04
0.00E+00
7.96E-04



TABLE B.3. Tank Farm C Chemical Inventories from TRAC Cutput

Chemical Total Mass Concentration
_Name () (a/g)
Ag 1.16E-02 5.33E-13
Al 9.14E+08 4,19E-02
Ba 8.66E+04 3.97E-06
Bi 3.32E407 1.52E-03
C2H303 1.20E+05 5.50E-06
CeH507 1.13E+08 5.20E-03
C03 9.24E+07 4,24E-03
€204 0.00E+00 0.00E+00
Ca 1.05E+07 4 .80E-04
cd 0.00E+00 0.00E+00
Ce 1.35E+03 6.18E-08
C1 5.08E-04 2.33E-14
Cr 1.42E406 6.52E-05
EDTA 3.95E+05 1.81E-05
F 2.47E+08 1.13E-02
Fe 6.96E+07 3.19E-03
Fe(CN)g 2.10E+07 9.64E-04
HEDTA 9.00E+05 4,.13E-05
Hg 0.00E+00 0.00E+00
K 1.97E+05 9.03E-06
lLa 0.00E+00 0.00E+00

_ Mn 6.55E+06 3.01E-04
NO2 0.70E+06 4 .45E-04
NO3 5.81E+09 2.67E-01
Na 2.71E+09 1.24E-01
Ni 1.53E+07 7.00E-04
OH 2.03E+09 9.32E-02
POy 2.46E+07 1.13E-03
Pb 4,17E+06 1.91E-04
Selz 0.00E+00 0.00E+00
Si03 4.,75E+05 2.18E-05
Sn 0.00E+00 0.00E+00
S04 9.90E+07 4.54E-03
Sr 9.81E+03 4 .50E-07
W04 0.00E+0D 0.00E+00
ir0 3.59E+08 1.65E-02

B.3




TABLE B.4.

Tank Farm S Chemical Inventories from TRAC Output

Chemical Total Mass
Name (g)
Ag 9.53E-02
Al 2.79E+09
Ba 1.83E+05
Bi 9.04E-09
C2oH303 2.03E+06
CgHs07 5.43E+08
C03 4,01E+08
C204 0.00E+00
Ca 8.83E+05
Cd 0.00E+00
Ce 9.64E+04
C1 5.35E-02
Cr 6.67E+08
EDTA 8.97E+06
F 3.16E+07
Fe 8.47E+07
Fe(CN)g 3.83E+05
HEDTA 1.68E+07
Hg 0.00E+00
K 2.32E+07
La 1.40E-10
Mn 1.32E+06
NO2 5.52E+08
NO3 5.82E+10
Na 1.93E+10
Ni 1.03E+06
OH 3.57E+09
POg 6.95E+07
Pb 3.34E+06
Sely 0.00E+00
Si03 7.23E407
Sn 0.00E+00
S04 3.84E+08
Sr 2.71E+04
WOg 0.00E+00
Ir0 4,54E+07

B.4

Concentration

(g/q)

9.49E-13
2 . 78E-02
1.82E-06
9.01E-20
2.02E-05
5.41E-03
4,00E-03
0.00E+00
8.80E-06
0.00E+00
9.60E-07
5.33E-13
6.64E-03
8.93E-05
3.15E-04
8.43E-04
3.81E-06
1.67E-04
0.00E+00
2.31E-04
1.39E-21
1.31E-05
5.50E-03
5.80E-01
1.92E-01
1.02E-05
3.55E-02
6.92E-04
3.33E-05
0.00E+00
7.20E-04
0.00E+00
3.83E-03
2.70E-07
0.00E+00
4.52E-04



TABLE B.5.

Tank Farm T Chemical Inventories from TRAC Qutput

Chemical

Name

Ag

Al

Ba

Bi
CoH303 .
CpH507
C03
C204
Ca

Cd

Ce

Cl

Cr
EDTA
F

Fe
Fe(CN)g
HEDTA
Hg

K

La

Mn
NO2
NO3
Na

Ni

OH
P04
Pb
Sels
Si03
Sn
S04
Sr
W04
r)

Total Mass

4.91E-02
9.35E+08
3.99E+04
6.92E+H09

- 5.25E+H06

5.42E+08
1.99E+09
0.00EH)0
3.21E+H)4
0.00E+00
7.3BE+05
2.86E~01
2.62E+07
2.08E+07
2.22E+08
2.07E+08
6.71E+05
3.60E+07
0.00E+00
4.79E+06
1.38E+06
2.85E+06
8.52E+08
'1.53E+10
9.44£+09
1.72E+06
4.62E+08
5.01E+09
2.08E+06
0.00E+00
4.16E+08
0.00E+00
9.96E+08
3.63E+02
0.00E+00
2.80E+07

B.5

Concentration

(g/q)

5.46E-13
1.04E-02
4.45E-07
7.70E-02
5.84E-05
6 004E-03
2.22E-02
0.00E+00
3.57E-07
0.00£+00
8.21E-06
3.18E-12
2.92E-04
2.32E-04
2.47E-03
2.31E-03
7.47E-06
4.01E-04
0.00E+00
5.33E-05
1.53E-05
3.18E-05
9.48E-03
1.70E-01
1.05E-01
1.92E-05
5.14E-03
5.58E-02
2.31E-05
0.00E+00
4.63E-03
0.00E+00
1.11E-02
4.04E-09
0.00E+00
3.11E-04




TABLE B.6.

Tank Farm U Chemical Inventories from TRAC Output
Chemical Total Mass Concentration
Name (g) (a/q9)
Ag 2.84E-03 1.20E-13
Al 1.85E+08 7.83E-03
Ba 1.32E+04 5.60E-07
Bi 1.39E+07 5.91E-04
C2H303 4.54E+05 1.92E-05
CeH507 1.59E+07 6.73E-04
C03 4 .34E+07 1.84E-03
C204 0.00E+00 0.00E+00
Cd 0.00E+00 0.00E+00
Ce 5.20E+04 2.21E-06
C1 4,25E-03 1.80E-13
Cr 2.31E+07 9.80E-04
EDTA 1.89E+06 8.00E-05
F 7.27E+06 3.08E-04
Fe 1.32E+07 5.60E-04
Fe(CN)s 6.78E-01 2.87E-11
HEDTA 2.56E+06 1.08E-04
Hg 0.00E+00 0.00E+00
K 2.35E+05 9.956E-06
La 3.47E-13 1.47E-23
Mn 1.33E+05 5.63E-06
NO2 7.23E+07 3.07e-03
NO3 4.41E+09 1.87E-01
Na 1.40E+)9 5.95E-02
Ni 1.47E+04 6.23E-07
OH 1.61E+08 6.83E-03
POs 4.00E+07 1.69E-03
Pb 4.56E-01 1.93E-11
Se0g 0.00E+00 0.00E+00
Si03 8.26E+07 3.50£-03
Sn 0.00E+00 0.00E+00
S04 2.89E+07 1.23E-03
Sr 2.32E+02 9.84E-09
W04 0.00E+00 0.00E+00
Zr0 2.38E+06 1.01E-04
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TABLE B.7. TRAC Chemicals Not Included in Modeling
for Nonradioactive Impacts

Constituent Common Name Action
Bi Bismuth (a
C2H303 Acetate (b
CeHs07 Citrate (b
C03 Carbonate (b
C204 Oxalate (b
Ca Calcium (b)
Ce Cerium (b)
K Potassium (b)
OH Hydroxide (b)
Si03 Silicate b;
Sr Strontium a
HEDTA Hydroxy-ethylethylene- (b)

diamine-triacetic acid

(a) Inadvertently not modeled. Because of its Tow
mobility (K4 > 10 ml/g) it is not expected to
move fast enough to be important.

(b) Physical and/or toxicity properties were either
unavailable or questionable from the viewpoint
of modeling potential health impacts.
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APPENDIX C
PHYSICAL PARAMETERS FOR CHEMICAL CONSTITUENTS

TABLE C.1. Physical Parameters for Chemical Constituents

Solubility
, Half-Life Kd Limit
Constituent Common Name (Years) (ml/q) {g/m1)
Ag Silver 1.0E+20 0.4 1.76E-06
Al Aluminum 1.0E+20 353.0 3.41E-04
As Arsenic 1.0E+20 0.6 3.45E-04
Ba Barium 1.0E+20 530.0 7.44E-06
Be Beryliium 1.0E+20 0.0 9.04E-04
Cd Cadmium 1.0E+20 3.0 3.45E-03
1 Chloride 1.0E+20 0.0 1.35E-02
Cr Chromium 1.0E+20 1.0 1.42E-03
Cu Copp?r 1.0E+20 4.2 3.45E-03
EDTA EDTA{a) 1.0E+20 0.0 2.81E-05
F Fluoride 1.0E+20 0.0 3.55E-03
Fe Iron 1.0E+20 1.5 1.99E-04
Fe(CN)g Ferrocyanide 1.0E420 0.0 1.10E-06
Hg Mercury 1.0E+20 0.0 3.20E~04
CN Cyanide - 1.0E+20 0.0 1.10E-06
Mn Manganese 1.0E+20 16.5 1.42E-05
NO2 Nitrite 1.0E+20 0.0 1.25E-01
NO3 Nitrate 1.0E+20 0.0 1.31E-02
Na Sodium 1.0E420 0.0 9.19E-02
Ni Nickel 1.0E+20 1.2 2.32E-05
Pb Lead 1.0E+20 234.0 7.71E-06
Sh Antimony 1.0E+20 0.0 8.46E-03
Se Selenijum 1.0E+20 5.9 8.46E-03
S0g Sulfate 1.0E+20 0.0 8.46E-03
v Vanadium 1.0E+20 0.0 8.46E-03
ir0 Zirconium Oxide 1.0E+20 5.0 3.45E-04

(a) Ethylenediaamine-tetracetic acid
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APPENDIX D
RADIONUCLIDE FLUX RATES AND RELEASE DURATION

TABLE D.1.

NaNO3 Congruent Radionuclide Release Rates
at 0.5 cm/yr Recharge(a)
Area Tank Farm N?g?3 F]ff/ﬁife LeaChrTime
- 200 East A Farm 5.44E+10 2.06E+04 2870
200 East B Farm 5.70E+10 7.45E+04 831
200 East C Farm 7.96E+09 2.53E+04 342
200 West S Farm 7.15E+10 5.55E+04 1399
200 West T Farm 2.10E+10 7.45E+04 306
200 West U Farm 5.19E+09 2.53E+04 223

(a) Solubility of NaNO3 = 921 g/L.

TABLE D.2. NaNO3 Congruent Radionuciide Release Rates
— - at 1.0 cm/yr Recharge(a)
NaNO3 Flux Rate Leach Time

Area Tank Farm (9) (L/yr) (yr)
200 East A Farm 5.44E+10 4.12£404 1433
200 East B Farm 5.70E+10 1.49E+05 415
200 East C Farm 7.96E+09 5.06E+04 171
200 West S Farm 7.15E+10 1.11EH05 699
200 West T Farm 2.10E+10 1.49E+05 153
200 West U Farm 5.19E+09 111

(a) Solubility of NaNO3 = 921 g/L.

D.1
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TABLE D.3. NaN03 Congruent Radionuclide Release Rates

at 10.0 cm/yr Recharge(2)

Area Tank Farm N?g?3 F]?f/5$§e Lea%grgime
200 East A Farm 5.04E+10  4.12E+05 143
200‘ East B Farm 5.70E+10 1.49E+06 41
200 East C Farm 7.96E+09 5.06E+05 17
200 West S Farm 7.15E+10 1.11E+06 69
200 West T Farm 2.10E+10 1.49E+06 15
200 West U Farm 5.19E+09 5.06E+05 11

(2) Solubility of NaNO3 = 921 g/L.
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APPENDIX E
SINGLE-SHELL TANK HYDROLOGIC PARAMETERS

TABLE E.1. Composite Textural Data Used to Model
SST Releases in 200 East Area A Farm,
Area = 6.42E+01 cm x 6.42E+01 cm

Bulk Field Hydraulic
Textural Thickness Density Porosity Capacity Conductivity
Layer(a) Name _{cm) (g/cm3{ (%) (%) (cm/day)
PSZ 1 Sandy loam 457 .2 1.48 44,2 17.0 1,500
PSZ 2 Sand 8,077.2 1.64 38.0 9.0 88,000
$Z Sand 457.2 1.64 38.0 9.0 88,000

(a) PSZ = Partially Saturated Zone, SZ = Saturated Zone.

TABLE E.2. Composite Textural Data Used to Model
SST Releases in 200 East Area -~ B Farm,
Area = 1,22E+H02 cm x 1.22E+02 cm

Bulk Field Hydraulic

Textural Thickness Density Porosity Capacity Conductivity
Layer(a) Name (cm) (g/cm3 (%) (%) (cm/day)
PSZ 1 Sand 5,000 1.64 '38.0 9.0 88,000
PSZ 2 Loamy sand 150 1.49 43.7 12.0 9,900
PSZ 3 Sand 2,680 1.64 38.0 9.0 88,000
SZ Sand 457.2 1.64 38.0 9.0 88,000

(a) PSZ = Partially Saturated Zone, SZ = Saturated Zone.
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TABLE E.3. Composite Textural Data Used to Model
SST Releases in 200 East Area € Farm,
Area = 7.11E+01 cm x 7.11E+01 cm

Bulk Field Hydraulic
Textural Thickness Density Porosity Capacity Conductivity
Layer(d)  Name (cm) (g/cm3 (%) (%) (cm/day)
PSZ 1 Sand 8,534.4 1.64 38.0 9.0 88,000
SZ . Sand 457 .2 1.64 38.0 9.0 88,000

(a) PSZ = Partially Saturated Zone, SZ = Saturated Zone.

TABLE E.4. Composite Textural Data Used to Model
SST Releases in 200 West Area S Farm,
Area = 1.05E+02 cm x 1.05E+02 cm

Bulk Field Hydraulic
Textural Thickness Density Porosity Capacity Conductivity
Layer(a) Name (cm) (g/cm3 (%) (%) (cm/day)
PSZ 1 Loamy sand 2,743.2 1.49 43.7 12.0 9,900
PSZ 2 Sandy loam i,524 1.48 44,2 17.0 1,500
PSZ 3 Sandy clay 762 1.60 39.8 24.0 49
Toam
PSZ 4 Clay loam 304.8 1.39 47.7 34.0 15
PSZ 5 C(Clay 152.4 1.39 47.5 40.0 2.4
PSZ 6 Sand 914.4 1.64 38.0 9.0 88,000
SZ Sand 457.2 1.64 38.0 9.0 88,000

(a) PSZ = Partially Saturated Zone, SZ = Saturated Zone.
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TABLE £.5. Composite Textural Data Used to Model
SST Releases in 200 West Area T Farm,
Area = 1.22E+02 cm x 1.22E+02 cm

Bulk Field Hydraulic
Textural Thickness Density Porosity Capacity Conductivity
Layer{a) Name (cm) (g/cm3 (%) (%) (cm/day)
pSZ 1 Sand 3,048 1.64 38.0 9.0 88,000
PSZ 2 Sandy clay 157.4 1.60 39.8 24.0 49
loam
PSZ 3 Sandy loam 609.6 1.48 44.2 17.0 1500
PSZ 4 Loamy sand 2,438.4 1.49 43.7 12.0 9,900
SZ Loamy sand 457.2 1.64 38.0 9.0 88,000
(a) PSZ = partially Saturated Zone, SZ = Saturated Zone.
TABLE E.6. Composite Textural Data Used to Model
SST Releases in 200 West Area -
U Farm, Area = 7.11E+01 cm x 7.11E+01 cm
Bulk Field Hydraulic
Textural Thickness Density Porosity Capacity Conductivity
Layer(a) Name (cm) (g/cm3 4? (%) (%) . (cm/day)
psz 1 Sand 4,420 1.64 38.0 9.0 88,000
PSZ 2 Sandy clay 457 1.60 39.8 24.0 49
Toam
PSZ 3 Clay loam 152 1.39 47.7 34.0 15
PSZ 4 Loamy sand 935 1.49 . 43,7 12.0 9,900
Sz Loamy sand 457.2 1.64 38.0 9.0 88,000
(a) PSZ = Partially Saturated Zone, SZ = Saturated Zone.

TABLE E.7. Saturated Zone

Pore Water Velocity

Area Tank Farms (cm/day)
200 West S, T, 30
200 East A, B, C : 150
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APPENDIX F
PHYSICAL PARAMETERS FOR RADIONUCLIDES

TABLE F.1. Physical Parameters for Radionuclide Constituents

Half-Life
Constituent Common_Name (Years) Kd__
Ac225 Actinium-255 3.00E-03 8.2
Ac227 Actinium=-227 2.16E+01 8.2
Am241 Americium-241 4.58E+02 8.2
Am242 Americium-242 1.83E-03 8.2
Am242m Americium-242m 1.52E+02 8.2
Ci4 Carbon-14 5.73E+03 0.0
Cm242 Curium-242 4.50E-01 8.2
Cm244 Curium-244 1.76E+01 8.2
Cm245 Curium-245 9.30E+03 8.2
Cs135 Cesium-135 3.00E+06 51.0
Cs137 Cesium-137+d 3.02E+01 51.0
1129 lodine-129 1.70E+07 0.0
Nb93m Neptunium-93m 2.00E+04 1.2
Ni63 Nickel-63 9,.20E+01 1.2
Np237 Niobium-93m 2.14E+06 3.0
Pa231 Protactinium-231 3.25E+04 3.0
Pa233 Protactinium-233 7 .00E-02 3.0
Pb210 Lead-210 2.10E+01 234.0
Po210 Polonium-210 3.80E-01 3.0
Pu23s Plutonium-238 8.60E+01 10.0
Pu239 Plutonium=-239 2.44E+04 10.0
Pu240 Plutonium-240 6.58E+03 10.0
Pu241 Plutonium-241 1.32E+401 10.0
Ra223 Radium-223 3.00E-02 24.3
Ra225 Radium-225 4.00E-02 24.3
Ra226 Radium-226 1.60E+03 24.3
Rul06 Ruthenium-106 1.00E+00 27.0
Se79 Selenium-79 6.50E+04 5.9
Sm151 Samarium-151 9.30E+01 8.2
Snl26 Tin-126 1.00E+05 25.0
Sra0 Strontium-90 2.81E+01 24.3
Tc99 Technetium-99 2.12E+05 0.0
Th229 Thorium-229 7.34E+03 40.0
Th230 Thorium-230 8.00E+04 40.0
Th234 Thorium-234 7.00E-02 40.0
U233 Uranium-233 1.62E+05 0.0
U234 Uranium-234 2.47E+05 0.0
U235 Uranium=-235 7.10E+08 0.0
U238 Uranium-238 4.51E+09 0.0
Y30 Yttrium-90 1.00E-02 5.0
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APPENDIX G

PEAK CONCENTRATIONS COMPUTED IN HYPOTHETICAL WELLS

This appendix contains summaries of the computed peak concentrations in
the well and the arrival times for these peaks. These lists are direct
outputs of the constituent transport modeling effort. The radionuclides
given in Tables G.1 and G.2 contain entries for parent and decay products
(indicated with *). Some materials appear several times in different decay
chains. Tables 6.3, 6.4, 6.5, and G.6 show the chemicals that were modeled.
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TABLE G.1. Peak Concentrations in Well Using 10 cm/yr

Name

Recharge for Radionuclide Constituents

Maximum Constituent Concentration (Ci/ml)

- D O S I D e e A A D D T TP T P 6 O T R U PR R W W U e A

------------------------------------------------

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 -
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 C.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
5.630E-15 1.020E-14 1.190E-14 1.110E-14 2.560E-15 3.580E-16
0.000£+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000£+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000£E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
7.760E-13 1.880E-11 2.250E-12 1.690E-12 2.650E-13 3.470E-14
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1.557E-09 3.522E-08 5.389E~09 3.660E-08 5.849E-08 2.510E-09
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.00OE+00 0.000E+00 0.000E+00 0.000E+00
6.590E-13 1.144E-10 1.207E-11 1.570E-10 1.492E-10 1.072E-11
5.224E-15 1.157E-16 3.601E-15 1.974E-09 1.067E-10 8.050E-12
2.832E-41 0.000E+0C 1.877E-41 1.141E-31 2.481E-37 6.210E-36
7.006E-45 0.000E+00 0.000E+00 4.059E-21 2.828E-29 1.486E-27
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1.880E-15 1.710E-13 1.450E-15 4.608E-14 3.950E-14 3.240E-15
0.000E+00 0.000E+00 0.000E+00 3.664E-23 4.922E-32 3.422E-14
0.000E+00 0.000E+00 0.000E+00 3.667E-23 4.926E-32 3.424E-14
0.000E+Q0 0.000E+00 0.000E+00 3.667E-23 4.926E-32 3.424E-14
0.000£+00 0.000E+00 0.000E+00 3.667E-23 4.926E-32 3.424E-14
0.000E+00 0.000E+00 0.000E+00 C.C00E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+0C G.GOOE+00 0.Q0OE+00 0.000E+00
0.000E+0C 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.0GOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1.100E-13 8.580E-14 9.400E-14 1.390E-13 9.400E-14 1.980E-14
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+Q0 0.CO0E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1.860E-13 1.300E-13 1.940E-13 1.630E-13 1.010E-13 8.060E-15
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
3.780E-13 2.220E-13 3.780E-13 2.450E-13 1.290E-13 1.220E-14
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000£+00 0.0COE+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0C 0.000E+00
4.060E-16 3.380E-16 4.650E-16 2.200E-16 1.520E-16 1.020E-17
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TABLE G.2. Time of Peak Concentrations in Well Using 10 cm/yr
Recharge for Radionuclide Constituents

Time of Maximum Concentration (years)

Constituent eececmccccrccnmccccccmccccccnccrcncccrcrrrrerrrr e e e e
Name Farm A Farm B Farm C Farm S Farm T Farm U
Ac225 0 0 0 0 0 0
Ac227 0 0 0 0 0 0 -
*Th227 0 0 0 0 0 0
*Ra223 0 0 0 0 0 0
Am241 0 0 0 0 0 0
*Np237 0 0 0 0 0 0
*Pa233 0 0 0 0 0 0
*233 0 0 0 0 0 0
Am242 0 0 0 0 0 0
Am242m 0 0 0 0 0 0
*Cm242 0 0 0 0 0 0
*Pu238 0 0 0 0 0 0
*U234 0 0 0 0 0 0
*Th230 0 0 0 0 0 0
C14 1780 720 950 640 600 630
Cs135 0 0 0 0 0 0
Cs137 0 0 0 0 0 0
1129 1780 720 960 610 570 630
Nb93m 9820 9760 9880 7610 8970 9870
Ni63 7530 7410 6700 4160 4140 4710
Np237 9890 0 0 9840 9760 9830
*Pa233 0 0 0 0 0 0
*233 1780 720 960 910 570 630
Pa231 0 0 0 9370 9850 630
*Ac227 0 0 0 9370 9850 630
*Th227 0 0 0 9370 9850 630
Ra223 0 0 0 9370 9850 630
Pa233 0 0 0 0 0 0
*Pb210 0 0 0 0 0 0
Po210 0 0 0 0 0 0
Po210 0 0 0 0 0 0
Pu238 0 0 0 0 0 0
*234 1780 720 960 910 570 630
*Th230 0 0 0 0 0 0
Pu239 0 0 0 0 0 0
*|J235 1780 720 960 910 570 630
Pu240 0 0 0 0 0 0
*|J236 1780 720 960 910 570 630
Pu24i 0 0 0 0 0 0
*Am241 0 0 0 0 0 0
*Np237 0 0 0 0 0 0
*Pa233 0 0 0 0 0 0
*233 1780 720 960 910 570 630

NOTE: "0" for the time of peak concentrations indicates no peak occurred.
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TABLE G.2. (contd)

Time of Maximum Concentration (years)

Constituent «emeescccmcccwnmccccccescneneremccccecrererneer e —a - .
Name Farm A Farm B Farm C Farm S Farm T Farm U
Ra223 0 0 0 0 0 0
Ra225 0 0 0 0 0 0
Ra226 0 0 0 0 0 0 -
Pb210 0 0 0 0 0 0
Po210 0 0 0 0 0 0
Rul06 0 0 0 0 0 0
Se79 0 0 0 0 0 0
Sml51 0 0 0 0 0 0
Sn126 0 0 0 0 0 0
Sra0 0 0 0 0 0 0
*Y¥30 0 0 -0 0 0 0
Tc99 1710 700 960 750 650 630
Th229 0 0 0 0 0 0
Ra225 0 0 0 0 0 0
Ac225 0 0 0 0 0 0
Th230 0 0 0 0 0 0
Th234 0 0 0 0 0 0
U233 1640 750 960 750 570 630
*Th229 1640 910 960 750 880 680
*Ra225 1640 910 960 750 880 680
*Ac225 1640 910 960 750 880 680
Cm242 0 0 0 0 0 0
*pu238 0 0 0 0 0 0
*U234 1780 720 960 910 570 630
*Th230 0 0 0 0 0 0
Cm244 0 0 0 0 0 0
*Pu240 0 0 0 0 0 0
*J236 1780 720 960 910 570 630
Cm245 0 0 0 0 0 0
*Pu241 0 0 0 0 0 0
*Am241 0 0 0 0 0 0
*Np237 0 0 0 0 0 0
*Pa233 0 0 0 0 0 0
*U233 0 0 0 0 0 0
U234 1640 750 890 750 570 630
*Th230 1640 910 960 750 840 680
U235 1780 750 960 750 610 630
*Pa231 1780 910 960 750 840 680
*Ac227 1780 910 960 750 40 680
*Th227 1780 910 960 750 40 680
*Ra223 1780 910 960 750 840 680
15238 1780 750 890 750 610 630
*Th234 1780 750 890 750 610 630
Y90 0 0 0 0 0 0

NOTE: "O" for the time of peak concentrations indicates no peak occurred.

- 6.5



TABLE G.3.

Peak Concentrations in Well Using 10 cm/yr

Recharge for Chemicals with TRAC Inventory Data

Maximum Constituent Concentration (g/ml)

Constituent ==-recmcccadcmmcmmmncnncccccmrcccccncccccnccccncenencanons
Name Farm A Farm B Farm C Farm S Farm T Farm U
Ag 2.30E-14 1.76E-06 5.81E-14 1.72E-12 7.43E-13 4.92E-14
Al 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 O0.00E+00 O.00E+00 -
Ba 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0©.00E+00
C1 4,55E-14 6.60E-13 2.53E-15 2.24E-12 6.81E-12 6.81E-14
Cr 3.88£-08 6.96E-08 1.31E-08 1.42E-03 3.33E-05 4.78E-05
EDTA 2.33E-05 1.19E-05 2.42E-06 2.81E-05 2.81E-05 2.81E-05
F 1.31E-05 2.14E-03 1.48E-03 1.69E-03 3.55E-03 2.59E-04
Fe 5.18E-13 3.99E-17 2.22E-13 1.99E-04 1.88E-05 3.94E-07
Fe{Cn)g 1.30E-07 1.10E-06 1.10E-06 1.10E-06 1.10E-06 1.10E-11
Mn 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NC2 1.04E-03 1.89E-02 3.30E-05 2.97E-02 3.25E-02 2.55E-03
NO3 1.09E-02 1.31E-02 1.31E-02 1.31E-02 1.31E-02 1.31E-02
Na 7.60E-02 9.19E-02 1.67E-02 9.19E-02 9.19E-02 2.90E-03
Ni 4.34E-11 6.11E-12 5,94E-11 3.99E-06 2.67E-06 2.26E-07
Pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.42E-12
S04 5.88E-03 3.15E-03 6.07E-04 8.46E-03 1.07E-06
ir0 0.00E+00 O0.00E+00 0.00E+00 0.00E400 O0.00E+D0 0.00E+00
TABLE G.4. Time of Peak Concentrations in Well Using 10 cm/yr
Recharge for Chemicals with TRAC Inventory Data
Time of Maximum Concentration (years)

Constituent meeemccmmcmcmmccccccccccccccccccccce e e — e e e
Name Farm A Farm B Farm C Farm S Farm T Farm U
Ag 6680 5250 7040 2800 3330 4310
Al 0 0 0 0 0 0
Ba 0 0 0 0 0 0
C1 840 720 880 570 530 630
Cr 9820 9750 9830 5800 7540 9820
EDTA 2420 720 810 570 530 580
F 840 720 880 570 530 580
Fe 9890 9910 9770 8440 9650 9950
Fe{Cn)g 840 850 1180 570 530 630
Mn 0 0 0 0 0 0
NO2 840 720 880 570 530 630
NC3 2290 670 1090 430 530 580
Na 2420 720 880 570 530 9820
Ni 9750 9730 9820 7110 8940 530
Pb 0 0 0 0 0 0
S04 1040 720 810 530 9950
Zr0 0 0 0 0 0 0



Peak Concentrations in Well Using 10 cm/yr

Recharge for Additional Chemicals of Concern
Using an Assumed 1% Inventory

Maximum Constituent Concentration (g/ml)

----------------------------------------------------------

--------

3.45E-04
2.28E-06
0.00E+00
C.00E+00
3.20E-04
7.77E-03
0.00E+00
7.77e-03

9.86E-05
2.23E-06
0.00E+00
0.00E+00
3.20E-04
1.33E-03
0.00E+00
1.33E-03

3.45E-04
3.48E-06
1.42E-13
3.08E-24
3.20E-04
8.46E-03
0.00E+00
8.46E-03

ke s Wi s e ke s

3.45E-04
2.52E-06
2.66E-21
3.19E-36
3.20E-04
8.46E-03
0.00E+00
8.46E-03

Time of Peak Concentrations in Well Using 10

Recharge for Additional Chemicals of Concern

Maximum Constituent Concentration (g/ml)

---------

3.45E-04
2.13E-06
9.17E-20
2.07E-32
3.20E-04
8.36E-03
0.00E+00
8.36E-03

TABLE G.5.

Constituent

Name Farm A
As 1.01E-04
Be 1.50E-06
Cd 2.96E~36
Cu 0.00E+00
Hg 2.65E-04
Sb 1.27E-03
Se 0.00E+00
v 1.27E-03

TABLE G.6.

Constituent

Name Farm A
As 9810
Be 840
Cd 9850
Cu 0
Hg 1850
Sb 840
Se 0
vV -840
NOTE:

720
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"0" for the time of peak concentrations indicates no peak occurred.
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APPENDIX H
TABLES OF HEALTH RANKING INDICES

TABLE H.1. Health Ranking Indices for Radionuclides in Tank
Farm A with TRAC Inventories and Varying Recharge Rates

Consbitusnt B8.6 ca/yr 1.0 enfyr 15.8 cufyr 18.8 cufyr (a)

An241 (b) 1.8 x 18-7 2.1 x 18-8 6.6 x 19-6 6.6 x 19-5
An242n (b) 6.6 x 18-B ¢.8 x 194 3.8 x 19-3 8.8 x 1893
C14 4.7 x 184 6.3 x 18-3 5.7 x 19-2 B.7 x 192
ta242 (b) 1.8 x 19-8 1.5 x 18-6 5.9 x 18-b 5.9 x 18-5
Ca244 (b) 6.6 x 18-19 7.9 x 18-9 3.8 x 16-8 3.8 x 19-8
Ca245 - i - - 2.6 x 19-15
1129 . 1.5 x 184 1.7 x 18-3 6.6 x 10-3 6.6 x 103
Nb¥3a - - 4.9 x 19-8 1.2 x 19-2
Nis3 - - - 9.7 x 18-12
Np237 (b) 2.1 x 18-7 2.4 x 18-8 2.2 x 19-5 1.4 x 18-1
Pa231 - - - 3.8 x 18-5
Pa233 - - - 1.0 x 18-5
Pu238 {b) 1.2 x 18-6 1.4 x 1974 5.4 x 1a-4 5.4 x 18-4
Pu239 (b) 8.5 x 18-8 9.9 x 18-6 9.5 x 184 9.8 x 184
Pu248 (b) 3.9 x 18-5 4.5 x 184 1.7 x 193 1.7 x 183
Pu24l (b) 4.5 x 18-8 5.3 x 167 4:8 x 19-8 4.8 x 10-6
Se79 : - - - 8.4 x 18-7
Te99 2.0 x 1§-3 2.4 x 16-2 9.1 x 182 9.1 x 18-2
U233 1.8 x 197 2.1 x 18-8 1.9 x 18-5 8.3 x 18-5
U234 3.1 x 18-8 3.6 x 18-5 1.4 x 19-4 1.4 x 10-4
u23s 1.1 x 194 1.3 x 18-3 5.0 x 18-3 5.6 x 18-3
u23s 2.4 x 19-3 2.7 x 19-2 1.6 x 191 1.8 x 161

(a) Semsitivity case with enhanced tranaport rate.
(b) Risk is from decay products.
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TABLE H.2. Health Ranking Indices for Chemicals in Tank Farm A
with TRAC Inventories and Varying Recharge Rates

Tank Farm A

Conatituent 6.5 enfyr 1.8 eafyr 18.8 cajyr 18.8 cn/yr (a)

Ag - - 1.2 x 14-8 3.4 x 18-8
cl 2.8 x 19-18 2.0 x 149-9 3.4 x 19-8 3.4 x 18-8
cr - - 3.2 x 19-1 1.2 x 162
EDTA 5.1 x 101 2.2 x 188 8.7 x 18 3.7 x 154
F 1.1 x 181 8.8 x 15-1 1.4 x10 1.4 x 181
. Fa - - 1.8 x 18- 5.2 x 180
Cn 1.1 x 15-% 1.1 x 108 1.7 x 18t 1.7x 181
Nip 1.8 x 191 7.8 x 192 1.1 x 184 1.1 x 14
N0z 8.4 x 19-1 2.7 x 18 3.9 x 192 5.9 x 162
N 7.3 x 18-2 3.1x 180 5.4 x 198 4.5 x 181
Ni - - ' 1.5 x 18-4 1.0 x 181
S04 5.8 x 18-3 2.4 x 19-1 5.0 x 18 3.6 x 108
Zrd - - - 8.6 x 18-3

{a) Sensitivity case with enhanced transport rate.

TABLE H.3. Health Ranking Indices for Chemicals in Tank Farm A
without TRAC Inventories and Varying Recharge Rates
(assumed 1% by weight of total)

Constituent 8.5 emfyr 1.8 enfyr 18.8 cufyr 168 cafyr (a)

As - - 7.1 x 18¥ 1.9 x 181
Be 8.8 x 18-1 3.7 x 18l 6.8 x 182 6.8 x 182
cd - - - 2.9 x 104
Cu - - - 2.5 x 181
Hg 5.1 x 181 2.1 x 188 3.1x 184 3.1 x 184
sb 7.8 x 182 8.2 x 188 1.3 x 165 1.3 x 106
Se - - - 6.8 x 189
v 1.4 x 10 1.5 x 182 2.3 x 188 2.4 x 103

(a) Sensitivity case with enhsnced transport rate.
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TABLE H.4. Health Ranking Indices for Radionuclides in Tank Farms
- with TRAC Inventories and 10 cm/yr Recharge Rate
Tank Fars
Consbi buend A B [ s T U
C14 5.7 x 18-2 1.3 x 108 1.9 x 18- 1.3x 10 2.1 x 108 ¢.6 x 15-2
jok] 6.6 x 14-3 1.1 x 160 1.2 x -1 1.2 x 18 1.5 x 108 1.1 x 16-1
KbU3m 4.9 x 19-3 5.1 x 187 3.7 x 158 2.1 x 18-2 1.1 x 18-8 1.9 x 10-4
Teo® 8.1 x 16-2 1.4 x 18 1.2 x 108 1.9 x 19l 2.3 x 181 1.8 x 100
U233 1.9 x 18-6 9.1 x 16-5 1.9 x 186 8.5 x 18-5 1.7 x 18-4 2.8 x 18-5
u2s4 1.4 x 15-4 8.6 x 19-4 7.8 x 1574 2.3 x 19-3 6.2 x 16-3 1.2 x 16-3
' U236 5.9 x 188 1.7 x 18-% 6.4 x 10-2 9.9 x 19-2 1.1 x 108 1.8 x 1e-1
U233 1.8 x 18-1 3.6 x 100 1.6 x 18 1.9 x 108 2.7 x 191 5.1 x 188
TABLE H.5. Health Ranking Indices for Parent Radionuclides
Scoring Because of Decay-Product in Tank Farm
with TRAC Inventories and 10 cm/yr Recharge Rate
Tank Farm
Parent (Decay)

Nams A B [ s T U
An241 (U233)~ 8.6 x 18-B 1.2 x 194 1.4 x 154 1.3 x 154 3.5 x 16-5 4.2 x 18-8
AnZ42m (U234) 3.8 x 18-3 9.2 x 18-2 1.1 x 192 8.3 x 18-3 1.3 x 18-3 1.7 x 16-4
Ca242  (U234) 5.9 x 185 1.4 x 154 1.2 x 194 1.2 x 16-4 2.9 x 18-4 3.6 x 188
Ca244  (U238) 3.5 x 16-8 1.7 x 18-7 2.3 x 107 3.8 x 18-B 1.1 x 18-8 1.3 x 16-9
Np237 {U233) 2.2 x 18-B 2.6 x 19-3 1.7 x 18-6 5.4 x 164 4.4 x 16-4 3.8 x 16-5
Pu238 (U234) 5.4 x 18-4 4.2 x 164 4.6 x 19-4 6.8 x 19-4 4.8 X 18-4 2.7 X 18-5
Pu239 (U235) 9.6 x 154 8.3 x 10-4 9.4 x 1974 7.9 x 19-4 4.9 x 10-4 3.9 x 18-5
Pu248 (U238) 1.7 x 19-3 1.6 x 1893 1.7 x 19-3 1.1 x 183 5.8 x 184 5.5 x 18-5
Pu241 (U233) 4.8 x 18-8 4.8 x 19-8 5.5 x 19-8 2.8 x 196 1.8 x 16-6 1.2 x 16-7
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TABLE H.6. Health Ranking Indices for Chemicals in Tank
Farm with TRAC Inventories 10 cm/yr Recharge Rate
Tank Fara
Constituent A B € S T u
Ag 1.2 x 18-85 5.8 x 18-6 3.0 x 158 8.7 x 18-5 3.8 x 185 2.5 x 18-6
€l 8.4 x 18-8 5.8 x 18-7 1.9 x 18-9 1.7 x 10-8 5.1 x 18-6 B.1 x 18-8
Cr 3.2 x 16-1 8.9 x 188 1.1 x 16-1 1.2 x 184 2.9 x 182 4.1 x 102
EDTA 8.7 x 184 1.8 x 184 3.3 x188 3.6 x 184 3.8 x 154 3.8 x 184
F 1.4 x 181 2.3 x 103 1.5 x 188 1.8 x 183 3.8 x 188 2.8 x 182
Fe 1.6 x 18-8 4.4 x 10-7 6.5 x 18-9 6.3 x 188 5.9 X 18-1 1.4 X 18-1
Cn 1.7 x 181 1,6 x 182 1.5 x 192 1.5 x 182 1.5 x 182 1.4 x 16-3
N2 1.1 x 164 1.4 x 185 5.0 x 182 3.1 x 105 8.5 x 186 1.1 x 184
NO3 8.5 x 182 4.9 x 182 4.9 x 192 4.9 x 182 4.9 x 182 4.9 x 182
Na 5.4 x 188 5.5 x 1l 9.7 x 108 5.6 x 181 5.5 x 181 2.9 x 181
Ni 1.6 x 18-4 8.8 x 18-3 1.5 x 19-4 1.8 x 191 7.8 x 180 4.4 x 1g-1
S04 3.5 x 108 1.8 x 188 8.1 x 18-1 4.3 x 108 4.3 x 108 5.2 x 16-1
TABLE H.7. Health Ranking Indices for Chemicals in Tank Farms
without TRAC Inventories (assumed 1% by weight of
total)
Tank Fars
Constituent A B C S T U
As 7.1 x 188 2.4 x 181 7.6 x 188 2.4 x 181 2.4 x 181 2.4 x 18l
Be 5.4 x 182 5.6 x 182 5.6 x 182 8.6 x 182 6.6 x 182 6.8 x 1p2
cd - - - - 2.1 x 18-8 5.6 x 194
Cu - - - - - 5.5 x 18-13
Hg 3.1 x 184 3.8 x 184 3.8 x 184 3.8 x 104 3.8 x 104 3.8 x 1p4
Sb 1.8 x 186 8.6 x 106 1.3 x 166 8.7 x 186 8.7 x 186 7.9 x 186
Se - - - - - -
v 2.3 x 18° 2.5 x 183 1.6 x 184 1.5 x 184 1.4 x 164

1.5 x 184
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